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1.  SCOPE  OF  THE  MAGNETIC  TESTING 

Permeability  and  hysteresis  tests  are  made  by  the  ballistic  method  on 
magnetic  materials  in  the  form  of  roimd  or  rectangular  bars  and  sheets. 
For  these  tests  two  specimens  of  each  sample,  at  least  25  cm,  and  preferably 
35  cm  in  length,  should  be  furnished.  The  permissible  cross  section  is 
determined  by  the  dimensions  of  the  holes  of  the  coils  and  yokes  used. 
The  apparatus  on  hand  at  present  will  receive  roimd  rods  of  the  following 
diameters: 

0.95  cm  {yi  inch). 

I. GO  cm 

1.27  cm  (K  inch). 

Rectangular  bars  may  be  of  any  section  which  will  pass  through  a  hole 
1.27  cm  in  diameter.  Sheet  metal  5  cm  wide,  or  imder,  and  of  the  same 
length  as  for  rods,  may  be  used. 

For  these  measurements  two  rods  or  strips  of  the  material  to  be  tested 
have  their  ends  joined  by  two  soft  iron  yokes  so  as  to  form  the  four  sides  of 
a  rectangle.  Each  bar  is  surrounded  by  a  magnetizing  and  a  test  coil.  The 
change  in  the  magnetic  flux  embraced  by  the  test  coil  when  the  magnetizing 
current  is  altered  is  measured  ballistically.     Further  details  are  given  below. 

Tests  of  nonmagnetic  materials,  such  as  are  used  for  chronometers  and 
other  instruments,  and  feebly  magnetic  materials  and  investigations  on 
magnetic  properties  at  high  and  low  temperatures  can  also  be  made.  Bis- 
muth spirals,  for  measurement  of  magnetic  fields,  will  be  calibrated. 

66199° — 10  3 
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The  Bureau  is  prepared  to  calibrate  permeameters  and  other  apparatus 
used  in  magnetic  measurements  and  to  make  investigations  on  the  magnetic 
properties  of  materials. 

A  limited  number  of  bars  of  carefully  aged  iron  and  steel  have  been 
prepared  and  will  be  supplied  to  testing  laboratories  and  manufacturers  as 
standards,  at  little  more  than  the  amount  of  the  fee  for  testing. 

Wattmeter  tests  for  energy  losses  due  to  alternating  magnetization  are  car- 
ried out  upon  sheet  iron  and  steel,  such  as  is  used  in  the  cores  of  transformers. 
A  special  apparatus  "designed  for  this  purpose  is  described  below.  This 
serves  to  determine  the  losses  due  to  hysteresis  and  eddy  currents.  A  curve 
showing  the  relation  between  the  flux  density  in  the  test  specimen  and  the 
wattless  component  of  magnetizing  current  can  also  be  furnished  when 
desired.  Tests  to  determine  the  aging  quality  of  this  material  are  also 
carried  on.  Not  less  than  5  poimds  (2.5  kg)  should  be  submitted.  The 
losses  are  measured  at  60  cycles  and  10  000  gausses,  unless  otherwise  speci- 
fied, and  the  results  are  accurate  within  2  per  cent. 

Transformers  are  tested  for  core  loss  under  normal  working  conditions; 
and  by  the  measurement  of  resistances  and  impedance  in  addition  the  eflS- 
ciencies  and  regulation  can  be  computed.  For  tests  of  instrument -trans- 
formers, including  measurements  of  ratio,  phase  angles,  regulation,  etc.,  see 
Biu-eau  Circular  No.  20. 

2.  DESCRIPTION  OF  WORK 
(a)  GENERAL 

The  induction  which  a  bar  of  iron  or  steel  will  assume  imder  a  given 
magnetizing  force  depends  upon  the  previous  magnetic  condition  of  the 
specimen,  and  upon  the  rate  of  change  from  one  magnetic  state  to  another. 
It  is  modified  by  the  presence  of  mechanical  vibration  and  depends  to 
some  extent  on  temperature.  It  is  therefore  desirable  to  state  the  conditions 
under  which  the  test  is  made. 

All  the  ordinary  tests  on  magnetic  material  except  aging  are  made  at  a 
constant  temperature  of  25°  C.  This  is  in  view  of  the  fact  that  all  the  mag- 
netic quantities,  including  the  normal  induction,  the  hysteresis  loop,  and  the 
losses  due  to  hysteresis  and  eddy  currents,  depend  upon  the  temperature  of 
the  specimen.  The  relation  is  not  a  simple  one,  and  is  not  the  same  for  all 
materials.  In  view  of  these  facts,  it  seems  desirable  to  make  all  such  meas- 
urements at  a  fixed  temperature. 

It  is  important  that  there  be  no  mechanical  vibration  of  the  specimen 
during  the  test.  Such  vibrations  tend  to  give  an  induction  greater  than 
normal  for  increasing  magnetizing  forces,  and  too  small  values  for  decreasing 
forces.  Hence,  the  test  specimen  is  always  protected  from  mechanical 
vibrations  in  ballistic  measurements. 

The  results  foimd  for  rolled  sheets  usually  depend  upon  whether  the 
material  is  magnetized,  parallel  to  the  direction  of  rolling  or  at  right  angles 
to  this  direction.     When  not  otherwise  specified  and  the  dimensions  of  sheets 
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submitted  permit  it,  the  test  pieces  will  be  so  cut  that  the  flux  traverses 
half  of  them  parallel  to  the  direction  of  rolling,  and  half  normal  thereto. 

The  measurement  of  flux  density  requires  a  knowledge  of  the  cross- 
sectional  area  of  the  specimen.  For  rods  and  bars  the  cross  section  is  deter- 
mined from  the  dimensions.  In  sheet  metal,  however,  it  is  not  determined 
by  direct  measurement,  but  from  values  of  mass,  length,  and  density.  The 
density  of  each  specimen  is  experimentally  determined,  as  experience  shows 
that  the  assumption  of  any  specified  value  introduces  an  imcertainty  in  the 
result  which  is  greater  than  the  inaccuracy  of  the  magnetic  measiu-ements. 

(6)  NORMAL  INDUCTION  AND  HYSTERESIS  LOOP 

i).  Normal  Induction. — If  a  bar  of  thoroughly  demagnetized  iron  is 
subjected  to  a  magnetizing  force,  it  experiences  a  certain  induction.  This 
induction  will  be  greater  if  the  magnetizing  force  is  applied  suddenly  than 
for  a  slower  growth  of  magnetizing  current.  If  the  magnetizing  force  is 
repeatedly  applied  and  removed,  the  values  of  the  induction  obtained  differ 
somewhat.  If  the  magnetizing  force  is  reversed,  a  change  of  induction 
approximately  twice  the  preceding  values  is  obtained.  For  the  first  few 
reversals  the  change  of  induction  is  not  constant,  but  becomes  so  after  a 
large  number  of  reversals.  One-half  this  constant  value  of  the  change  in 
induction  on  reversal  of  the  magnetizing  force  is  the  normal  induction,  and 
the  locus  of  such  points  is  the  ciu^e  of  normal  induction. 

The  magnetic  properties  of  a  piece  of  iron  or  steel  may  be  considered 
as  defined  by  the  etudes  of  normal  induction  and  hysteresis.  Before  deter- 
mining the  normal  induction  data,  it  is  necessary  that  the  specimen  be 
freed  from  its  previous  magnetization.  This  is  accomplished  by  subjecting 
it  to  a  cyclic  magnetizing  force  of  one  period  per  second,  which  is  gradually 
reduced  from  an  initial  value,  which  carries  the  induction  well  beyond  the 
point  of  maximum  permeability  to  a  final  value  somewhat  lower  than  the 
lowest  induction  to  be  studied. 

After  thorough  demagnetization,  the  lowest  magnetizing  force  to  be 
used  is  applied  and  reversed  many  times,  until  the  iron  is  brought  to  a  cyclic 
magnetic  state.  The  induction  is  then  measured  and  the  next  higher  value 
of  the  magnetizing  force  applied  in  the  same  manner.  This  process  is 
repeated  imtil  the  required  munber  of  points  is  determined.  This  is  a 
somewhat  laborious  operation,  but  has  been  found  necessary  in  order  to 
obtain  reliable  results. 

ii).  Hysteresis  Loop. — Before  determining  the  hysteresis  loop,  the 
iron  is  demagnetized  as  above,  and  the  magnetizing  force  is  applied  and 
increased  until  the  iron  is  brought  up  to  the  maximtun  induction  for  which 
the  loop  is  required.  This  magnetizing  force  is  rei>eatedly  reversed  until 
the  iron  is  in  a  normal  condition.  The  magnetizing  force  is  now  reduced 
from  its  maximtun  value  to  a  lower  one,  and  the  change  in  magnetic  induc- 
tion corresponding  to  the  change  in  force  is  noted.  After  determining  this 
pair  of  values,  the  maximtun  magnetizing  force  is  again  applied  and  the 
iron  once  more  brought  back  to  a  normal  magnetic  condition.     It  is  not 


Digitized  by 


Google 


6  Circular  of  the  Bureau  of  Standards 

necessary,  however,  to  repeat  the  process  of  demagnetization.  Another 
point  is  then  determined  in  the  same  manner  as  the  first.  Points  corre- 
sponding to  negative  values  of  the  magnetizing  force  are  obtained  by 
simultaneously  reversing  and  reducing  the  magnetizing  force.  Before  each 
determination  of  a  point  on  the  loop  the  iron  is  brought  back  to  its  normal 
condition. 

This  method  of  measuring  the  magnetic  constants  diflFers  somewhat 
from  the  old  "step  by  step**  method  which  is  still  employed  in  many  of 
the  modem  commercial  permeameters.  It  has  the  advantage  of  making  the 
measurement  under  more  nearly  the  same  conditions  that  occur  in  com- 
mercial practice,  and  is  practically  free  from  the  eflFects  of  magnetic  viscosity. 
Further,  it  is  possible  to  get  more  consistent  results  by  this  method  than 
by  the  older  one,  as  the  effects  of  imperfect  initial  demagnetization  are  not 
so  serious.  The  numerical  data  obtained  by  these  two  methods  are  not 
identical,  and  in  publishing  results  of  work  of  the  highest  precision  it  is 
desirable  to  specify  the  method  of  measurement. 

iii).  Selection  of  Test  Points. — In  defining  the  magnetic  properties  of 
a  bar  of  iron  or  steel,  it  is  neither  necessary  nor  practicable  to  give  complete 
normal  and  hysteresis  data  for  all  values  of  the  magnetizing  force.  Certain 
data  may  be  chosen  as  characteristic  and  the  magnetic  properties  inferred 
from  these. 

The  upper  limit  of  the  magnetizing  force  to  be  applied  is  determined 
by  the  heating  of  the  magnetizing  coil.  The  rrf&gnetic  constants  for  high 
values  of  the  magnetizing  force  change  slowly  and  quite  regularly,  and  for 
a  considerable  range  may  be  obtained  by  extrapolation  from  the  data  of 
lower  magnetizations.  However,  magnetizing  forces  up  to  300  gausses  can 
be  employed.  This  upper  limit  of  300  has  reference  to  the  magnetizing 
force  employed  in  the  determination  of  normal  induction  data.  It  is  not 
desirable  to  carry  the  cyclic  induction  measurements  through  such  a  wide 
range.  A  single  hysteresis  loop  having  a  maximum  induction  of  10  000 
gausses  gives  a  close  index  to  the  hysteretic  properties  at  all  inductions. 
In  some  cases  it  might  be  desirable  to  supplement  these  data  by  the  residual 
induction  and  coercive  force  at  other  values  of  the  maximum  induction. 

It  is,  of  course,  desirable  that  the  number  of  observations  be  as  small 
as  possible  and  yet  yield  the  required  continuity  of  data.  For  most  pur- 
poses the  magnetizing  forces  required  to  produce  inductions  of  5000,  10  000, 
15  000,  and  20  000  would  indicate  clearly  enough  the  shape  of  the  normal 
induction  curve.  If  one  is  interested  in  some  particular  range,  measure- 
ments in  this  region  could  be  taken  closer  together — ^for  instance,  every 
1000  gausses — or  the  measurements  may  be  confined  to  one  particular 
region.     A  single  pair  of  data  may  be  sufficient  for  some  purposes. 

In  the  hysteresis  data,  likewise,  the  labor  of  measurement  is  reduced 
to  a  minimum  by  drawing  the  curve  from  the  three  principal  points,  namely, 
the  tip  of  the  magnetic  cycle,  the  residual  induction  remaining  when  the 
magnetizing  force  is  removed,  and  the  coercive  force  or  the  magnetizing 
force  required  to  reduce  the  induction  to  zero. 
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Such  a  determination  of  four  points  on  the  normal  induction  curve  and 
three  points  on  the  hysteresis  curve  gives  a  fair  idea  of  the  magnetic  prop- 
erties of  a  sample  of  iron.  If  several  specimens  are  thus  examined  at 
corresponding  points,  it  is  possible  to  make  comparisons  of  the  diflFerent 
specimens  and  classify  them  into  diflFerent  grades  without  drawing  complete 
induction  curves  as  would  be  necessary  if  the  different  specimens  are  tested 
at  irregular  points. 

iv).  Standard  Specimens.— If  a  bar  is  to  be  used  as  a  standard  of 
comparison,  or  for  the  purpose  of  calibrating  a  permeameter,  it  is  necessary 
to  determine  a  considerable  number  of  points  of  the  curve  in  the  region 
where  the  apparatus  is  to  be  used.  Such  measurements  should  be  taken 
with  greater  care  than  those  on  a  specimen  typical  of  a  large  lot  which 
individually  may  differ  considerably  from  the  mean. 

In  measurements  of  the  highest  precision,  the  magnetic  circuit  consists 
of  two  rods  joined  at  their  ends  by  two  soft  iron  yokes.  The  magnetomotive 
force  is  applied  by  means  of  two  solenoids  and  a  set  of  compensating  coils. 
The  magnetizing  current  in  each  solenoid  is  capable  of  independent  adjust- 
ment tmtil  the  fluxes  in  the  two  rods  are  equal.  The  compensating  coils 
are  distributed  over  the  four  joints  of  the  magnetic  circuit  and  the  current 
is  adjusted  so  that  there  is  no  magnetic  leakage  between  the  middle  and 
ends  of  the  test  specimens.  When  the  magnetic  flux  has  thus  been  rendered 
imiform  throughout  the  circuit  the  true  magnetic  force  and  induction  may 
be  determined  by  the  ballistic  method.* 

v) .  Form  of  Specimen. — The  labor  of  a  test  is  reduced  and  the  precision 
increased  by  having  a  certain  degree  of  imiformity  in  the  test  specimens. 
The  minimum  length  of  test  piece  in  the  ballistic  tests  is  25  cm  (10  inches). 
A  length  of  35  cm  (14  inches) ,  however,  is  preferred,  as  more  precise  measure- 
ments can  be  made  on  the  longer  specimen.  Round  rods  may  be  i  cm  or 
1.27  cm  (>^  inch)  or  0.95cm  (^  inch)  in  diameter.  Specimensof  any  uniform 
section  which  have  one  pair  of  parallel  sides  and  will  pass  through  a  round 
hole  1.27  cm  (K  inch)  in  diameter  may  be  submitted. 

Two  rods  of  the  same  material  should  be  submitted  for  each  test.  For 
single  rods  and  for  specimens  of  other  dimensions  than  those  indicated  a 
special  fee  is  charged. 

For  sheet  metal  the  test  material  consists  of  four  strips  5  cm  (2  inches) 
wide,  two  cut  parallel  and  two  perpendicular  to  the  direction  of  rolling. 
The  material  submitted  should  be  chosen  from  different  parts  of  the  sheet 
and  of  sufficient  size  to  permit  the  final  cutting  to  size  being  done  at  this 
laboratory.  For  this  purpose  four  strips  7.5  by  40  cm  (3  by  16  inches)  are 
satisfactory.  Crayon  lines  should  be  drawn  on  each  specimen  parallel  to  the 
direction  of  rolling. 

*A  fuller  account  of  the  arrangement  of  the  magnetic  and  electric  circuits,  of  the  manner  of 
sectiring  uniformity  of  flux,  and  of  other  details  of  the  ballistic  method  employed  is  found  in 
Technical  Paper  No.  117,  reprinted  from  the  Bulletin  of  the  Bureau  of  Standards,  Vol.  6,  No.  i. 
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(c)    HYSTERESIS  AND  EDDY  CURRENT  LOSSES 


The  total  losses  due  to  the  combined  eflFects  of  hysteresis  and  eddy  cur- 
rents in  sheet  iron  and  steel  when  subjected  to  a  sine  wave  of  alternating 
magnetic  flux  are  measured  by  the  method  described  in  full  in  Technical 
Paper  No.  109  (from  Bulletin  of  this  Bureau,  vol.  5,  pp.  453-482).  This 
paper  will  be  mailed  on  request.  For  this  test  ten  small  sheets  approxi- 
mately 30  cm  (12  inches)  square  are  required.  These  are  cut  at  this 
Bureau  into  strips  5  by  25.4  cm  and  made  up  into  four  bundles,  which  form 
the  four  sides  of  a  square  magnetic  circuit.  The  arrangement  is  similar  to 
that  proposed  by  Epstein,  but  differs  from  it  in  having  good  magnetic  joints 
at  the  corners  of  the  square.  It  is  thus  possible  to  secure  an  accuracy  of  i 
or  2  per  cent  with  a  smaller  quantity  of  material,  and  yet  without  appreciable 
distortion  of  the  wave  form.  In  the  paper  cited  above  it  is  shown  that  the 
sheet  material  in  common  use  varies  very  widely  in  quality,  and  the  quality 
is  not  closely  related  to  the  cost.  Some  of  the  results  are  given  in  Tables 
I  and  II. 

TABLE  I 

Hysteresis  and  Eddy  Current  Losses 

Ordinary  steel 


Thickness 

Ergs  per  gram  per  cycle 

Watts  per  pound  at  6o  cycles 

Desig- 
nation 

10  000  gausses 

5000  gausses 

AND  10  000  GAUSSES 

cm 

6<>~ 

30- 

Hyster- 
esis 

Eddy 
cur- 
rents 

6o~ 

30- 

Hystere- 
sis 

Eddy 
cur- 
rents 

Eddy  cur- 
rents for 
gage  29* 

Hystere- 
sis 

Total 

E 

F 

G 

H 

t.:::: 

L 

B, . . . . 
M 

N 

P 

0.  0476 
0.0280 
0.  0394 
0.  0307 
0.  0318 
0.  0282 
0.  0346 
0.  0338 
0.  0335 
0.  0340 
0.  0437 

766 

773 
558 
543 
518 
565 
554 
550 

518 

716 
668 

485 
442 

456 
473 
454 
461 
426 
426 

735 
666 

563 
412 

341 
394 
381 
354 
372 
321 

334 

236 
100 
210 
146 
202 
124 
184 
200 

178 
210 
184 

304 
247 
247 

177-5 

166.5 

162 

175 

173 

161 
157 

275 

233- 5 
220 

158 
139 
146 

150 

144-5 

150 

n3 

132 

246 
220 
193 
138.5 
III.  5 

130 
125 
116 
127 

105 
107 

58 
27 

54 
39 
55 
32 
50 

% 

56 

50 

0.36 
0.44 
0.47 
0.54 
0.  70 

0.54 

0-535 
0.  61 

0.55 
0.  63 

0.335 

2.00 
I.  81 

1-53 
I.  12 

0-93 
1.07 

1.035 
0.96 
I.  01 
0.87 
0.  91 

2.36 
2.25 
2.00 
1.66 
1,63 
1.61 
1.57 
1.57 
1.56 
1.50 
1.24 

*  In  order  to  make  a  fair  comF>arison  of  quality,  the  eddy  current  loss  has  been  computed  in  each  case  for  a  thickness  c4 
0.03C7  cm  (U.  S.  standard  gage  No.  39)  on  the  assimiption  that  the  eddy  current  loss  is  proportional  to  the  square  of  the 
thiamess. 
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TABLE  II 
Hysteresis  and  Eddy  Current  Losses 


SUlcon  steel 


Ergs  pbr  cram  pbr  cycle 

Watts  per  pound  at  60  cycles 

Desig- 

XhiCKiie9S 

zo  000  gausses 

5000  gausses 

A>n>  10  000  gausses 

cm 

6a- 

30^ 

Hyster- 

Eddy 
cur- 
rents 

6a- 

30~ 

Hystere- 
sis 

Eddy 
cur- 
rents 

Eddy  cur- 
rents for 
gage  29* 

Hystere- 
sis 

ToUi 

s 

T 

U 

V 

w 

X 

O.  0361 
0.0315 
0.  0452 
0.  0338 
0.  0346 
0.  0310 
0.  0305 
0.0430 

357 
330 
350 
310 
3" 
298 
240 
265 

330 
309 

280 

291 

275 

218 

232 

278 
250 
270 
251 
197 
200 

54 
42 

42 
47 

65 

"3 
104 
108 

9^ 
98 

92 
8a  8 

105- 5 

98.5 

92 

72.5 

98 
93 

78 

86 
62.3 

64.  2 

15 
II 
18 
18 
12 

13 

12.4 

16.6 

0.  14 
0.15 
0.  12 
0.  18 
0.  12 
0.17 
0.  16 
0.  12 

a  82 
0.78 
0.76 
0.68 

0.74 
0.68 

0.54 
0.54 

0.96 
0.93 
0.88 
0.86 
0.86 
0.85 
0.70 
0.66 

*  In  order  to  make  a  fair  comparison  of  quality,  the  eddy  current  loss  has  been  computed  in  each  case  for  a  thickness  of 
0.0357  cm.  (U.  S.  standard  gage  No.  29)  on  the  assumption  that  the  eddy  current  loss  is  proportional  to  the  square  of  the 
thickn^s. 

It  is  seen  that  ordinary  steel  varies  from  1.24  to  2.36  watts  per  pound 
for  United  States  standard  gage  No.  29  (thickness  0.0357  cm)  at  a  frequency 
of  60  cycles  per  second  and  a  magnetic  induction  of  10  000  gausses.  Silicon 
steel  varies  from  0.66  to  i  watt  per  poimd  under  the  same  conditions. 
These  figures  correspond  to  460  and  865  ergs  per  cycle  per  gram  for  ordinary 
steel  and  246  to  368  ergs  per  cycle  per  gram  for  silicon  steel.  In  addition 
to  this  variation  in  the  original  quality  of  the  material  there  is  a  great  differ- 
ence in  its  constancy  with  time.  Some  material  shows  very  decided  aging, 
which  in  one  case  amounted  to  as  much  as  67  per  cent  in  500  hours.  Other 
sj>ecimens,  including  most  silicon  steels,  show  little  or  no  alteration  with  use. 

The  great  saving  in  cost  of  power  due  to  improvement  in  core  material 
is  generally  recognized,  but  the  following  example  gives  a  practical  illustra- 
tion. 

The  benefits  derived  from  the  use  of  high  grade  material  are  usually 
divided  between  copper  and  iron  losses  by  judicious  designing,  but  to 
simplify  matters  let  us  assume  that  the  design  is  fixed  for  a  5-kilowatt 
transformer,  and  using  the  material  R  in  table  above  the  loss  is  45  watts. 
If  the  material  X  be  substituted,  the  core  loss  is  reduced  to  32.2  watts.  In 
operation  for  8760  hours,  or  one  year,  the  saving  of  12.8  watts  amoimts  to 
112  kilowatt-hours.  At  a  cost  of  i  cent  per  kilowatt-hour  this  amounts  to 
$1.12,  which  at  10  per  cent  (allowing  for  depreciation  as  well  as  interest) 
represents  a  capital  of  $11.20.  In  other  words  the  buyer  could ^  with  advan- 
idgCy  pay  any  amount  up  to  $11  more  for  the  sake  of  getting  the  better  material 
in  his  core,  and  the  manufacturer  could  pay  28  cents  per  poimd  more  for  the 
40  potmds  of  core  material  used. 
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If  the  better  silicon  steel  were  to  cost  2.8  cents  per  pound  more  than 
the  other  (which  is  improbable) ,  the  difference  in  cost  of  the  steel  would  be 
$1.12,  and  the  user  would  each  year  save  100  per  cent  of  the  extra  cost. 

The  comparison  between  the  poorer  silicon  steel  and  the  ordinary  steel 
is  even  more  marked.  The  core  loss  for  material  N  would  be  73  watts,  a 
difference  of  28  watts  from  R,  In  a  year  this  would  amount  to  245  kilowatt- 
hours,  costing  $2.45,  thus  practically  reducing  the  value  of  the  transformer 
by  $24.50.  Yet  the  diflference  in  cost  of  material  is  only  $1.70,  if  we  take 
the  price  of  siUcon  steel  delivered  at  the  factory  to  be  7  K  cents  per  poimd 
and  that  of  ordinary  steel  to  be  3X  cents  per  pound,  and  assume  40  potmds 
to  be  necessary. 

Any  frequency  from  25  cycles  to  90  cycles  per  second  can  be  used  for 
the  test.  When  it  is  desired  to  determine  the  eddy  current  and  hysteresis 
losses  separately,  tests  at  two  frequencies  (such  as  30  and  60  cycles)  are 
made,  from  the  results  of  which  the  two  components  of  the  loss  can  be 
approximately  calculated. 

Any  flux  densities  between  1000  and  14  000  gausses  may  be  specified. 
The  flux  density  stated  for  any  measurement  is  the  average  value  for  all  the 
material.  The  deviations  from  this  value  in  diflferent  parts  of  the  steel  are 
small.     The  maximum  flux  ^  is  computed  from  the  effective  voltage  E 

induced  in  a  secondary  winding  from  the  relation  ^  = ^  where 

n  =  frequency. 
N  =  number  of  turns  in  secondary  winding. 

When  so  desired,  an  ammeter  is  included  in  the  magnetizing  circuit,  its 
reading  giving  the  effective  value  of  the  current  in  the  magnetizing  coil. 
With  the  aid  of  the  wattmeter  and  voltmeter  readings  the  wattless  compo- 
nent of  the  equivalent  sine  wave  can  be  computed.  A  ctu^e  giving  the 
relation  between  this  quantity  and  the  magnetic  induction  is  for  most 
purposes  more  valuable  than  a  curve  showing  the  permeability,  since  this 
curve  indicates  the  effective  value  of  the  current  necessary  to  magnetize, 
while  the  permeability  indicates  the  maximum  current  necessary  to  mag- 
netize, to  a  given  value  of  magnetic  induction. 

Aging  tests  are  carried  on  by  heating  the  material  in  an  oven,  the  usual 
period  being  two  weeks  and  the  temperature  between  90°  and  100°  C. 
Other  periods  and  temperatures  can  be  used  when  desired.  Measurements 
of  energy  loss  are  made  at  the  beginning  and  end  of  this  heating,  and  are 
made  at  two  frequencies,  in  order  to  determine  whether  the  change  is 
merely  in  the  hysteresis  or  also  in  the  electrical  conductivity  of  the  material. 
The  flux  density  used  should  have  the  value  which  will  be  applied  to  the 
material  in  practice,  since  the  hysteresis  changes  differently  for  different 
values  of  flux  density,  the  change  usually  being  greater  in  the  region  of 
maximum  permeability  than  for  the  higher  flux  densities  now  common  in 
power  transformers. 
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3.  TECHNICAL  PAPERS  ON  MAGNETIC  WORK. 

The  following  papers  upon  magnetic  subjects  have  been  published  by 
the  Bureau.  They  are  issued  in  pamphlet  form  and  will  be  sent  upon 
request.  They  may  be  designated  by  the  numbers  which  precede  the  titles 
in  the  list.  A  complete  list  of  the  technical  publications  of  the  Bureau,  with 
brief  abstracts  of  contents,  will  also  be  sent  upon  application. 

No.  38.  Experiments  on  Heusler  Magnetic  Alloys.  K.  E.  Guthe  and 
L.  W.  Austin. 

No.  78.  On  the  Best  Method  of  Demagnetizing  Iron  in  Magnetic  Test- 
ing.    C.  W.  Burrows. 

No.  87.  Apparatus  for  the  Determination  of  the  Form  of  a  Wave  of 
Magnetic  Flux.     M.  G.  Lloyd  and  J.  V.  S.  Fisher. 

No.  88.  Effect  of  Wave  Form  upon  the  Iron  Losses  in  Transformers. 
M.  G.  Lloyd. 

No.  106.  Dependence  of  Hysteresis  upon  Wave  Form.     M.  G.  Lloyd. 

No.  108.  Errors  in  Magnetic  Testing  with  Ring  Specimens.  M.  G. 
Lloyd. 

No.  109.  The  Testing  of  Transformer  Steel.  M.  G.  Lloyd  and  J.  V.  S. 
Fisher. 

No.  117.  The  Determination  of  the  Magnetic  Induction  in  Straight 
Bars.    C.  W.  Burrows. 

4.  REGULATIONS 

(a)  Application  for  Test. — The  request  for  test  of  an  instrument  or 
specimen  should  state  explicitly  the  points  at  which  test  is  to  be  made  and 
the  temperattwe  or  any  other  conditions  which  it  is  desired  should  be 
observed.  Whenever  possible,  the  request  should  be  accompanied  by  the 
fee  as  shown  in  the  appended  schedules. 

(6)  Identification  Marks. — Instruments  or  specimens  and  the  pack- 
ages in  which  they  are  shipped  should  both  be  plainly  marked  to  facilitate 
identification,  preferably  with  the  name  of  the  shipper,  and  a  special  refer- 
ence nimiber  given  to  the  article  and  mentioned  in  the  letter  requesting  the 
test. 

(c)  Shipping  Directions. — Instruments  should  be  sectwely  packed  in 
cases  or  packages  which  may  be  used  in  returning  them  to  the  owner.  Tops 
of  cases  should  be  screwed  down  whenever  possible.  Transportation  charges 
are  payable  by  the  party  desiring  the  test,  and  should  be  prepaid.  Instru- 
ments and  standard  bars  will  be  returned  by  express  **  collect,"  but  speci- 
mens of  material  will  not  be  returned  imless  requested. 

(d)  Address. — Articles  should  be  addressed  simply,  *' Bureau  of 
Standards,  Washington,  D.  C.*'  Delays  incident  to  other  forms  of  address 
will  thus  be  avoided.  Articles  delivered  in  person  or  by  messenger  should 
be  left  at  the  office  of  the  Bureau  and  should  be  accompanied  by  a  written 
statement  of  the  test  desired. 
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{e)  Remittances.-^Fees  may  be  sent  by  money  order  or  check 
drawn  to  the  order  of  the  **  Bureau  of  Standards."  Delays  in  forwarding 
fees  will  involve  corresponding  delays  in  the  completion  of  tests,  as  certifi- 
cates are  not  issued,  nor  articles  retinned,  imtil  all  fees  due  thereon  have 
been  received. 

5.  SCHEDULES  OF  FEES 

EFFBCTIVB   JANUARY  1«  1910 

Schedules  90  and  91  are  for  tests  made  on  specimens  of  the  form 
indicated  in  paragraph  2  (6)  v. 

Schedule  90. — Short  ballistic  test 

Including  normal  data  of  one  of  the  two  specimens  supplied  for  the 
following  inductions:  5000,  10  000,  15  000,  20  000,  or  any  four  values  pro- 
duced by  forces  imder  300  gausses;  and  hysteresis  data  for  a  maximum 
induction  of  10  000  gausses,  giving  the  residual  induction  tmder  no  mag- 
netizing force,  and  the  coercive  force,  or  force  necessary  to  reduce  the 
induction  to  zero. 

(d)  Normal  induction  and  permeability $3. 00 

lb)  Hysteresis  data 3. 00 

Ic)  Normal  and  hysteresis  datk 5. 00 

(d)  Curve  (extra) 50 

If  both  specimens  are  to  be  tested  the  fee  for  the  second  is  one-half  the 
above  schedule. 

•    Schedule  91. — Complete  ballistic  test. 

Including  normal  data  of  one  of  the  two  specimens  suppUed,  for  every 
2000  gausses  up  to  20  000,  produced  by  forces  tmder  300  gausses ;  and  hyster- 
esis data  for  a  maximum  induction  of  10  000  gausses,  including  the  following 
ten  points  of  the  loop:  o,  ±2000,  ±4000,  ±6000,  ±8000,  and  10  000. 

id)  Normal  induction  and  permeability $6. 00 
0)  Hysteresis  data 6. 00 
c)  Normal  and  hysteresis  data la  00 
a)  Curve  (extra) 75 

Special  tests  not  enumerated  above  will  be  charged  at  reasonable  rates. 

If  both  specimens  are  to  be  tested,  the  fee  for  the  second  is  one-half  the 
above  schedule. 

Schedule  92. — Standard  bars 

These  bars,  of  lengths  25,  30,  and  35  cm,  are  carefully  aged  and  supplied 
with  a  certificate  containing  the  data  of  the  precision  test  of  schedule  91. 

Material.  Diameter  of  section. 

Annealed  wrought  iron  Tround^ o.  95  cm  {}i  inch) 

Annealed  wrought  iron  (round) i.  00  cm 

Annealed  wrought  iron  (round) i.i-j  cmOA  inch) 

Low  carbon  steel  ground) o.  95  cm  (^s  inch) 

Low  carbon  steel  (round) i.  00  cm 

Low  carbon  steel  (round) i.  27  cm  (K  inch) 
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ONBBAR 

(a)  Normal  data $7. 00 

(6)  Hysteresis  data 7.  00 

(c)  Normal  and  hysteresis  data 11. 00 

(d)  Standard  bars  without  certificate a.  00 

TWO  BARS 

(k)  Normal  data $11.  00 

(i )  Hysteresis  data 11. 00 

(;}  Normal  and  hysteresis  data 17.  00 

Schedule  93. — Wattmeter  measurements 


n 


For  test  of  enei]gy  loss  at  one  frequency  and  one  flux  density $4. 00 

For  each  additional  flux  density 50 

(c)  For  each  additional  frequency i.  00 

(d)  For  values  of  wattless  component  of  magnetizing  current  (extra) i.  00 

(e)  When  not  otherwise  specified,  test  will  be  made  at  30  cycles  and  60  cycles  for  a  flux  den- 

sity of  10  000  gausses,  fee 5. 00 

(k)  Aging  test,  two  weeks  at  90-100°  C,  with  repetition  of  test  (a) 8. 00 

Special  tests  not  mentioned  above  will  be  charged  at  reasonable  rates. 

Schedule  94. — Miscellaneous. 
(«)  For  tests  not  enumerated  above  reasonable  fees  will  be  charged. 

The  Bureau  will  cooperate  with  manufacturers,  scientists,  and  others 
interested  in  the  subjects  of  methods  of  measurement,  measuring  instru- 
ments, and  physical  constants,  and  will  place  at  the  disposal  of  those  inter- 
ested such  information  relative  to  these  subjects  as  may  be  in  its  possession. 
The  Bureau  will  also  aid  in  the  solution  of  problems  arising  in  technical 
or  scientific  work,  within  its  scope,  and  to  this  end  correspondence  is  invited. 
Persons  interested  in  magnetic  problems  and  magnetic  measuring  instru- 
ments and  methods  are  welcome  to  visit  the  laboratories  of  the  Bureau, 
where  many  of  the  leading  types  of  apparatus  may  be  seen.  Communica- 
tions should  be  addressed  simply  *'  Bureau  of  Standards,  Washington,  D.  C' 

S.  W.  Stratton, 

Director. 
Approved: 

Benj.  S.  Cable, 

Acting  Secretary. 
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I.  SCOPE  OF  CIRCULAR 

This  circular  deals  with  the  fundamental  magnetic  quantities, 
with  empirical  formtilas  giving  the  relations  between  these  quan- 
tities, with  typical  data  of  magnetic  materials,  and  with  the 
methods  of  magnetic  measurements  employed  at  the  Bureau  of 
Standards. 

An  effort  has  been  made  to  include  in  the  circtilar  as  much  as 
possible  of  the  general  information  regarding  magnetic  subjects 
which  the  Bureau  from  time  to  time  has  been  called  upon  to 
fiu-nish. 

n.  MAGNETIC  QUANTITIES 

1.  INDUCTION 

The  induction  B  in  a  bar  of  iron  or  steel  is  defined  in  terms  of 
the  quantity  of  electricity  which  flows  through  a  test  coil  closely 
encircling  the  specimen  when  the  magnetization  in  the  bar  is 
removed,  by  the  formula 

^-^^ 

where  (2  =  total  quantity  of  electricity  in  coulombs. 
R = resistance  in  ohms. 

A  =  cross  section  of  specimen  in  square  centimeters. 
Ar  =  number  of  turns  in  test  coil. 
The  imit  of  induction  is  called  the  gauss. 

The  induction  may  also  be  defined  in  terms  of  the  emf  induced 
in  a  coil  when  the  flux  encircled  by  the  coil  is  changing,  by  the 
formula 

when  e  is  the  emf  induced  in  the  coil  by  the  changing  flux. 

If  the  induction  varies  according  to  the  sine  law,  this  equation 
reduces  to 

E  =  4.44  BANn  X  10-* 

where  E  is  the  effective  emf  and  n  is  the  frequency.     This  latter 
formtila  is  the  one  commonly  used  in  transformer  design. 

The  induction  which  a  bar  of  iron  or  steel  will  assiune  xmder  a 
given  magnetizing  force  depends  upon  the  previous  magnetic  con- 
dition of  the  specimen  and  upon  the  rate  of  change  from  one 
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magnetic  state  to  another.  It  is  modified  by  the  presence  of 
mechanical  vibration  and  depends  to  some  extent  on  temperatm'e. 
It  is  therefore  desirable  to  state  the  conditions  imder  which  the 
test  is  made. 

All  the  ordinary  tests  on  magnetic  material  except  aging  are 
made  at  a  constant  temperature  of  25®  C.  This  is  in  view  of  the 
fact  that  all  the  magnetic  quantities,  including  the  normal  induc- 
tion, the  hysteresis  loop,  and  the  losses  due  to  hysteresis  and 
eddy  currents,  depend  upon  the  temperattu-e  of  the  specimen. 
The  relation  is  not  a  simple  one  and  is  not  the  same  for  all  mate- 
rials. In  view  of  these  facts  it  seems  desirable  to  make  all  such 
measurements  at  a  fixed  temperature. 

It  is  important  that  there  be  no  mechanical  vibration  of  the 
specimen  dtuing  the  test  Such  vibrations  tend  to  give  an  induc- 
tion greater  than  normal  for  increasing  magnetizing  forces,  and 
too  small  values  for  decreasing  forces.  Hence,  the  test  specimen 
is  always  protected  from  mechanical  vibrations  in  ballistic 
measurements. 

The  results  found  for  rolled  sheets  usually  depend  upon  whether 
the  material  is  magnetized  parallel  to  the  direction  of  rolling  or 
at  right  angles  to  this  direction.  When  not  otherwise  specified 
and  the  dimensions  of  sheets  submitted  permit  it,  the  test  pieces 
will  be  so  cut  that  the  flux  traverses  half  of  them  parallel  to  the 
direction  of  rolling,  and  half  normal  thereto. 

The  measurement  of  flux  density  requires  a  knowledge  of  the 
cross-sectional  area  of  the  specimen.  For  rods  and  bars  the  cross 
section  is  determined  from  the  dimensions.  In  sheet  metal,  how- 
ever, it  is  not  determined  by  direct  measurement,  but  from  values 
of  mass,  length,  and  density.  The  density  of  each  specimen  is 
experimentally  determined,  as  experience  shows  that  the  assump- 
tion of  any  specified  value  introduces  an  uncertainty  in  the  result 
which  is  greater  than  the  inacctu'acy  of  the  magnetic  measurements. 

Normal  Induction. — If  a  bar  of  thoroughy  demagnetized 
iron  is  subjected  to  a  magnetizing  force,  it  experiences  a  certain 
induction.  This  induction  will  be  greater  if  the  magnetizing 
force  is  applied  suddenly  than  for  a  slower  growth  of  magnetizing 
current.  If  the  magnetizing  force  is  repeatedly  applied  and 
removed^  the  values  of  the  induction  obtained  differ  somewhat. 
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If  the  magnetizing  force  is  reversed,  a  change  of  induction 
approximately  twice  the  preceding  values  is  obtained.  For  the 
first  few  reversals  the  change  of  induction  is  not  constant,  but 
becomes  so  after  a  large  ntunber  of  reversals.  One-half  this 
constant  value  of  the  change  in  induction  on  reversal  of  the  mag- 
netizing force  is  the  normal  induction,  and  the  locus  of  such 
points  is  the  ciu^e  of  normal  induction. 

The  magnetic  properties  of  a  piece  of  iron  or  steel  may  be  con- 
sidered as  defined  by  the  ciuves  of  normal  induction  and  hyste- 
resis. Before  determining  the  normal  induction  data,  it  is 
necessary  that  the  specimen  be  freed  from  its  previous  magneti- 
zation. This  is  accomplished  by  subjecting  it  to  a  cyclic  mag- 
netizing force  of  one  period  per  second,  which  is  gradually  reduced 
from  an  initial  value,  which  carries  the  induction  well  beyond  the 
point  of  maximum  permeability  to  a  final  value  somewhat  lower 
than  the  lowest  induction  to  be  studied. 

After  thorough  demagnetization,  the  lowest  magnetizing  force 
to  be  used  is  applied  and  reversed  many  times,  imtil  the  iron  is 
brought  to  a  cyclic  magnetic  state.  The  induction  is  then  meas- 
ured and  the  next  higher  value  of  the  magnetizing  force  applied 
in  the  same  manner.  This  process  is  repeated  xmtil  the  required 
mmiber  of  points  is  determined.  This  is  a  somewhat  laborious 
operation,  but  has  been  found  necessary  in  order  to  obtain  reliable 
results. 

Hysteresis  Loop. — Before  determining  the  hysteresis  loop, 
the  iron  is  demagnetized  as  above,  and  the  magnetizing  force  is 
applied  and  increased  imtil  the  iron  is  brought  up  to  the  maximum 
induction  for  which  the  loop  is  required.  This  magnetizing  force 
is  repeatedly  reversed  tmtil  the  iron  is  in  a  normal  condition. 
The  magnetizing  force  is  now  reduced  from  its  maximtun  value 
to  a  lower  one,  and  the  change  in  magnetic  induction  correspond- 
ing to  the  change  in  force  is  noted.  After  determining  this  pair 
of  values,  the  maximtmi  magnetizing  force  is  again  applied  and 
the  iron  once  more  brought  back  to  a  normal  magnetic  condition. 
It  is  not  necessary,  however,  to  repeat  the  process  of  demagetiza- 
tion.  Another  point  is  then  determined  in  the  same  manner  as 
the  first.  Points  corresponding  to  negative  values  of  the  magnetiz- 
ing force  are  obtained  by  simultaneously  reversing  and  reducing 
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the  magnetizing  force.     Before  each  determination  of  a  point  on 
the  loop  the  iron  is  brought  back  to  its  normal  condition. 

This  method  of  measuring  the  magnetic  constants  differs  some- 
what from  the  old  "  step  by  step  "  method,  which  is  still  employed 
in  many  of  the  modem  commercial  permeameters.  It  has  the 
advantage  of  making  the  measurement  under  more  nearly  the 
same  conditions  that  occur  in  commercial  practice,  and  is  prac- 


FiG.  I . — Showing  that  thg  curvg  of  normal  induction  is  thg  locus  of  thg  tips  of  thg  hystinsis 

loops 

ticaUy  free  from  the  effects  of  magnetic  viscosity.  Fiuther,  it  is 
possible  to  get  more  consistent  results  by  this  method  than  by 
the  older  one,  as  the  effects  of  imperfect  initial  demagnetization 
are  not  so  serious.  The  numerical  data  obtained  by  these  two 
methods  are  not  identical,  and  in  publishing  results  of  work  of 
the  highest  precision  it  is  desirable  to  specify  the  method  of 
measurement. 

12711^—16 — 2 
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The  relation  between  the  hysteresis  loop  and  the  curve  of 
normal  induction  is  shown  by  Figure  i . 

The  locus  of  the  tips  of  the  hysteresis  loops  is  the  ctu^e  of 
normal  induction. 

SelEctign  of  Test  Points. — In  defining  the  magnetic  proper- 
ties of  a  bar  of  iron  or  steel,  it  is  neither  necessary  nor  practicable 
to  give  complete  normal  and  hysteresis  data  for  all  v^dues  of  the 
magnetizing  force.  Certain  data  may  be  chosen  as  characteristic 
and  the  magnetic  properties  inferred  from  these 

The  upper  limit  of  the  magnetizing  force  to  be  applied  is  deter- 
mined by  the  heating  of  the  magnetizing  coil.  The  magnetic 
constants  for  high  values  of  the  magnetizing  force  change  slowly 
and  quite  regularly,  and  for  a  considerable  range  may  be  obtained 
by  extrapolation  from  the  data  of  lower  magnetizations.  How- 
ever, magnetizing  forces  up  to  300  gausses  can  be  employed  in 
the  usual  testing  apparatus  without  tmdue  heating  of  the  coils. 
This  upper  limit  of  300  has  reference  to  the  magnetizing  force 
employed  in  the  determination  of  normal  induction  data.  It  is 
not  desirable  to  carry  the  cyclic  induction  measiwements  through 
such  a  wide  range.  A  single  hysteresis  loop  having  a  maximum 
induction  of  10  000  gausses  gives  a  close  index  to  the  hysteretic 
properties  at  all  inductions.  In  some  cases  it  might  be  desirable 
to  supplement  these  data  by  the  residual  induction  and  coercive 
force  at  other  values  of  the  maximtnn  induction. 

It  is,  of  coiu-se,  desirable  that  the  nimiber  of  observations  be  as 
small  as  possible  and  yet  yield  the  required  continuity  of  data^ 
For  most  pxu-poses  the  magnetizing  forces  required  to  produce 
inductions  of  5000,  10  000,  15000,  and  20000  indicate  clearly 
enough  the  shape  of  the  normal  induction  curve.  If  one  is  inter- 
ested in  some  particular  range,  meastwements  in  this  region  could 
be  taken  closer  together — ^for  instance,  every  1000  gausses — or 
the  measurements  may  be  confined  to  one  particular  region.  A 
single  pair  of  data  may  be  sufficient  for  some  purposes. 

In  the  hysteresis  data,  likewise,  the  labor  of  measm-ement  is 
reduced  to  a  minimum  by  drawing  the  cinve  from  the  three 
principal  points,  namely,  the  tip  of  the  magnetic  cycle,  the  residual 
induction  remaining  when  the  magnetizing  force  is  removed,  and 
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the  coercive  force  or  the  magnetizmg  force  required  to  reduce 
the  induction  to  zero. 

Such  a  determination  of  four  points  on  the  normal  induction 
curve  and  three  points  on  the  hysteresis  curve  gives  a  fair  idea  of 
the  magnetic  properties  of  a  sample  of  iron.  If  several  specimens 
are  thus  examined  at  corresponding  points,  it  is  possible  to  make 
comparisons  of  the  different  specimens  and  classify  them  into  dif- 
ferent grades  without  drawing  complete  induction  curves,  as 
would  be  necessary  if  the  diflferent  specimens  are  tested  at  irr^;u- 

lar  points. 

2.  MAGNETIZING  FORCE 

The  magnetizing  force,  or  magnetic  field  intensity,  at  any  point 
is  ntnnerically  equal  to  the  mechanical  force  acting  upon  a  unit 
magnetic  pole  at  that  point.  In  magnetic  testing  the  magnetiz- 
ing force  is  generally  produced  by  means  of  a  solenoid  carrying 
ciurent.  At  the  center  of  a  very  long,  uniformly  wound  solenoid 
of  N  tiuns  on  a  length  L,  carrying  current  of  /  amperes,  the  mag- 
netizing force  due  to  the  cmrent  in  the  solenoid  in  cgs  electro- 
magnetic units  is 

H  —  0.4  V  j-I 

This  is  the  total  magnetizing  force  only  when  there  are  no  free 
magnetic  poles  in  or  near  the  solenoid.  The  unit  is  called  the 
gauss  or  the  gilbert  per  centimeter. 

Another  unit  in  use  is  the  ampere-tiun  per  centimeter,  which 
is  1.257  times  the  gilbert  per  centimeter.     In  ampere-turns  per 

N 
centimeter,  if — y  /,  subject  to  the  same  restrictions  as  the  for- 
mula above.  The  names,  ampere-turn  per  centimeter,  and  to  a 
less  degree  the  gilbert  per  centimeter  are  somewhat  misleading. 
It  is  only  in  special  cases,  such  as  within  a  uniformly  wound  and 
practically  infinite  solenoid  or  a  uniformly  wotmd  toroid,  that  the 
"  ampere-turns  per  centimeter  "  of  magnetizing  force  are  equal  to 
the  product  of  the  ntunber  of  amperes  by  the  niunber  of  turns 
per  centimeter.  In  all  other  cases  the  magnetizing  force  in  this 
tmit  is  the  product  of  the  ntunber  of  amperes  by  the  number  of 
turns  per  centimeter  of  the  infimte  solenoid  which  produces  the 
same  magnetic  field  at  its  center  that  exists  at  the  point  considered. 
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3.  CORE-LOSS 

The  core-loss  is  the  power  consumed  within  the  iron  when  it  is 
subjected  to  an  alternating  magnetization  at  a  given  frequency 
and  induction.  The  standard  core-loss  is  the  total  loss  in  watts 
per  kilogram  when  the  iron  is  subjected  to  an  alternating  mag- 
netization of  60  cycles  per  second  and  an  induction  of  10  000 
gausses. 

m.  SCOPE  OF  MAGNETIC  TESTING 

The  magnetic  testing  *  of  the  Bm-eau  comprises  the  determina- 
tion of  the  magnetic  properties  of  materials  and  of  permanent 
magnets,  and  the  calibration  of  magnetic  apparatus. 

1.  NORMAL  INDUCTION  AND  HYSTERESIS 

Normal  induction  and  hysteresis  involve  the  determination  of 
normal  induction,  permeability,  the  hysteresis  loop,  residual  induc- 
tion, and  coercive  force. 

Rods  and  Castings. — ^These  should  be  submitted  in  the  form 
of  bars.  Two  bars  of  the  same  material  are  required,  usually 
only  one  of  which  is  to  be  tested  and  the  second  to  be  used  as  an 
auxiliary  bar.  The  minimum  length  of  the  test  piece  is  25  cm  (10 
inches) .  Round  rods  may  be  0.6  cm,  0.95  cm  (three-eighths  inch) , 
I  cm,  or  1.27  cm  (one-half  inch)  in  diameter.  Bars  of  any  rec- 
tangular cross  section  which  will  pass  through  a  hole  i  cm  by  5 
cm  may  be  submitted. 

For  material  to  be  used  for  electromagnets,  field  cores,  etc.,  the 
usual  test  rod  is  25  cm  (10  inches)  long  and  1.27  cm  (one-half 
inch)  in  diameter.  Magnet  steel  is  usually  submitted  in  sizes  as 
rolled  and  25  cm  long.  Magnet  steel  may  be  hardened  either  by 
the  submittor  of  the  test  or  by  the  Bureau. 

Sheet  Metal. — Sheet  metal  may  be  submitted  in  either  of 
two  forms: 

1.  One  form  consists  of  5  kg  of  strips  50  cm  by  3  cm,  half  cut 
parallel  and  half  cut  at  right  angles  to  the  direction  of  rolling. 

2.  The  second  form  consists  of  10  sheets  approximately  30  cm 
(12  inches)  square.  These  are  cut  at  the  Bureau  into  strips  5  cm 
by  25.4  cm,  half  parallel  and  half  at  right  angles  to  the  direction 
of  rolling.    Test  material  is  usually  submitted  in  this  form. 

1  A  schedule  of  fees  for  electric,  magnetic,  and  photometric  testing  and  general  instructions  to  applicants 
for  tests  are  given  in  Circular  No.  6  of  this  Bureau. 


Digitized  by 


Google 


Magnetic  Testing  1 1 

The  same  material  that  is  submitted  for  a  core-loss  test  is  also 
suitable  for  normal  induction  and  hysteresis  determinations. 

In  addition  to  the  above,  normal  induction  and  hysteresis  tests 
may  be  made  on  single  strips  25  cm  (10  inches)  by  5  cm  (2  inches). 
For  this  test,  as  in  the  case  of  rods,  two  strips  of  the  same  material 
are  required.  The  final  cutting  to  size  may  be  made  at  the 
Biu-eau  without  extra  charge.  This  single-strip  test  is  intended 
only  for  investigations  in  which  it  is  desired  to  know  the  charac- 
teristics of  an  individual  strip.  Core-loss  determinations  are  not 
made  on  the  single-strip  sample. 

Standard  Data. — ^The  standard  test  for  steel  for  electromag- 
nets, etc.,  is  the  determination  of  the  magnetizing  forces  corre- 
sponding to  inductions  of  2000,  4000,  6000,  8000,  10  000,  12  000, 
14  000,  16  000,  18  000,  and  20  000  gausses,  or  such  values  as  may 
be  obtained  without  exceeding  a  magnetizing  force  of  300  gausses. 

The  standard  test  for  magnet  steel  is  the  determination  of  the 
magnetizing  force,  residual  induction,  and  coercive  force  corre- 
sponding to  a  maximum  induction  of  14  000  gausses. 

2.  CORE-LOSS 

Core-loss  tests  consist  of  the  determination  of  the  losses  due  to 
the  alternating  magnetization  of  sheet  iron  and  steel  such  as  are 
used  in  transformers  and  armatures.  They  may  include  the 
separation  of  the  total  core-loss  into  its  eddy-current  and  hys- 
teresis components,  and  sometimes  also  the  increase  in  core-loss 
with  time,  known  as  aging. 

Form  of  Specimen. — Sheet  material  intended  for  core-loss 
determination  may  be  submitted  in  either  of  two  forms: 

1.  One  form  consists  of  10  kg  of  strips  50  cm  by  3  cm,  half  cut 
parallel  to  the  direction  of  rolling  and  half  at  right  dngles  to  the 
direction  of  rolling.  These  strips  should  be  cut  to  size  by  the 
person  submitting  the  material  for  test.  It  may,  however,  be 
done  at  the  Bureau.  If  the  cutting  is  to  be  done  at  the  Bureau, 
sufficient  material  to  allow  for  waste  must  be  supplied. 

2.  The  second  form  consists  of  10  sheets  approximately  30  cm 
(12  inches)  square.  These  are  cut  at  the  Bureau  into  strips  5  cm 
by  25.4  cm,  half  parallel  and  half  at  right  angles  to  the  direction 
of  rolling.     Test  material  is  usually  submitted  in  this  form. 
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Standard  Data. — ^The  standard  core-loss  test  is  the  determi- 
nation of  the  core-loss  at  a  tnaximtun  induction  of  lo  coo  gatisses 
and  a  frequency  of  60  cycles. 

3.  SUSCEPTIBILITY 

Susceptibility  tests  involve  the  determination  of  the  properties 
of  the  nonmagnetic  materials  such  as  are  used  in  chronometers 
and  other  apparatus  where  magnetic  material  is  objectionable. 

4.  PERMANENT  MAGNETS 

The  testing  of  permanent  magnets  involves  the  determination  of 
field  strength,  imiformity  of  field,  constancy  of  field,  and  tempera- 
ture coefficient. 

5.  MAGNETIC  APPARATUS 

The  constants  of  the  apparatus  used  in  magnetic  measurements 
are  frequently  incapable  of  calculation  and  even  though  they  may 
be  calculated  should  be  checked  up  experimentally.  Experi- 
mental calibrations  of  permeameters,  fluxmeters,  bismuth  spirals, 
and  test  coils  are  made. 

IV.  MEASUREMENT  OF  NORMAL  INDUCTION  AND  HYSTER- 
ESIS, USING  THE  BURROWS  PERMEAMETER 

Standard  normal  induction  and  hysteresis  data  on  straight  bars 

are  obtained  with  the  Burrows  permeameter,  which  is  described 

below.  

1.  THE  MAGNETIC  CIRCUIT 

The  magnetic  circuit  for  this  permeameter  consists  of  two  bars 
and  two  yokes  joined  together  in  the  form  of  a  rectangle.  The 
leakage  over  the  middle  portion  of  one  of  the  bars  is  reduced  to 
zero  by  proper  distribution  of  the  magnetomotive  force.  With 
no  leakage  over  the  middle  portion  of  the  test  bar,  the  magnetizing 
force  may  be  calculated  from  the  current  and  the  concentration 
of  the  magnetizing  winding  at  that  point. 

Fig.  2  shows  the  magnetic  circuit  in  detail,  together  with  the 
method  of  distributing  the  magnetomotive  force.  The  bars 
should  be  of  the  same  size  and  material.  They  are  joined  at  the 
ends  by  soft-iron  yokes,  which  make  good  magnetic  joints,  and 
thereby  reduce  the  leakage  to  a  minimum. 
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The  magnetomotive  force  is  applied  in  three  sections — one  over 
the  test  bar,  one  over  the  auxiliary  bar,  and  the  third  distributed 
over  the  four  joints.  The  currents  in  these  three  sections  are 
independently  adjustable.  The  test  coils  indicated  by  t,  a,  and  ; 
are  each  of  the  same  number  of  turns  and  distributed  as  shown 
in  the  figure;  t  is  wound  over  the  middle  of  the  test  bar,  a  over 
the  middle  of  the  auxiliary  bar,  and  /  is  wound  half  over  one  end 
and  half  over  the  other  end  of  the  test  bar  far  enough  away  from 
the  yokes  and  joints  to  avoid  any  disturbances  from  these  causes. 

2.  SLBCTRICAL  COlfl^CTIONS 

Fig.  3  shows  diagrammatically  the  electrical  connections  both 
of  the  magnetizing  and  test  circuits.     T,  A,  and  /  refer  to  the 


Flo.  a. — Showing  the  magmtic  circuit  of  the  BurroTt/s  permeameter  and  the  relative  positions 
of  the  magnetizing  and  test  coils 

magnetizing  coils,  and  M  is  the  primary  of  a  variable  mutual 
inductance;  t,  a,  and  j  refer  to  the  test  coils,  and  m  is  the  sec- 
ondary of  the  mutual  inductance.  ST,  SJ,  and  SM  are  reversing 
switches  for  the  corresponding  circuits.  ST  reverses  the  current 
in  both  T  and  A.  The  operation  of  KT  is  to  connect  the  resist- 
ance R'T  around  the  contact  b  and  then  open  this  contact,  thus 
inserting  the  resistance  R^T  without  opening  the  circuit.  KJ 
and  K^A  operate  in  a  similar  manner.  K^  connects  the  resist- 
ance R'A  par.  in  parallel  with  RA, 

In  the  secondary  or  test  circuit  the  dial  switch  5/5  connects 
the  galvanometer  to  the  test  coil  /  in  opposition  to  either  a,  j,  or 
tn.  With  the  switch  5S  thrown  to  the  right  the  galvanometer  is 
at  its  maximum  sensitivity.     With  this  switch  thrown  to  the  left 
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the  resistance  RG  ser.  is  placed  in  series  with  the  test  coils  and 
RG  par.  is  placed  in  parallel  with  the  galvanometer,  so  that  the 


Fig.  3. — Showing  electrical  connections  of  the  Burrows  permeameter 

galvanometer  can  be  adjusted  to  work  mider  critical  damping  and 
at  a  reduced  sensitivity. 
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3.  BALLISTIC  GALVANOMETER  ADJUSTMENT 

The  galvanometer  is  calibrated  by  means  of  a  variable  mutual 
inductance,  the  secondary  of  which  is  always  in  the  galvanometer 
circuit.  This  mutual  inductance  can  be  set  to  such  a  value  that 
the  effect  on  the  galvanometer  of  the  reversal  of  i  ampere  in  the 
primary  is  the  same  as  the  reversal  of  an  induction  of  10  000  gausses 
through  the  test  coil.  Thus,  when  equal  deflections  are  produced 
by  the  reversal  of  i  ampere  in  the  primary  of  the  mutual  induc- 
tance and  ID  000  gausses  through  the  test  coil  we  have  the  relation 

-8  =  10  000  / 

where  /  is  the  current  in  amperes  in  the  primary  of  the  mutual 
indtictance  and  B  is  the  induction  in  gausses  in  the  test  bar  that 
will  produce  the  same  effect.  The  value  of  mutual  inductance 
for  this  relation  is 

where  A  is  the  cross  section  of  the  test  specimen  in  square  centi- 
meters, iV,  is  the  munber  of  turns  in  the  test  coil,  and  M  is  the 
mutual  inductance  in  henries.     If  the  test  coil  has  100  turns,  then 

M =0.01  A 

When  the  mutual  inductance  has  been  set  to  the  proper  value 
and  with  switch  55  on  low  sensitivity  the  resistances  RG  ser.  and 
RG  par.  are  adjusted  so  that  the  galvanometer  has  approximately 
critical  damping  and  the  deflection  is  10  cm  upon  reversal  of  o.i 
ampere  in  the  mutual  inductance  primary;  i  cm  deflection  then 
corresponds  to  B  =  100. 

4.  NORMAL  INDUCTION 

For  the  determination  of  normal  induction  the  bars  are  inserted 
in  the  coils  and  the  yokes  clamped  in  place.  They  are  then 
demagnetized  by  repeated  reversals  of  a  successively  decreasing 
magnetizing  current.  This  demagnetizing  current  is  gradually 
reduced  from  a  maximmn  value  which  brings  the  magnetization 
well  above  the  knee  of  the  ciurve  to  a  point  lower  than  the  lowest 
value  to  be  used.  The  frequency  of  reversal  is  one  or  two  per  sec- 
ond. There  should  be  no  cturent  in  the  /  coils  during  demag- 
netization. After  demagnetization,  the  lowest  magnetizing  cur- 
127U*>— 16 3 
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rent  to  be  used  is  set  and  adjustments  made  as  follows:  With  55 
on  low  sensitivity  and  SD  on  /-a,  adjust  RA  till  upon  reversal 
there  is  no  residual  deflection.  When  adjustment  is  nearly  com- 
plete, 55  is  thrown  to  high  sensitivity  and  adjustment  completed; 
SD  is  then  tiimed  to  t-j  and  the  current  in  /  adjusted  until  the 
galvanometer  shows  no  residual  deflection  when  the  main  and 
compensating  currents  are  simultaneously  reversed.  These  two 
adjustments  are  repeated  imtil  both  are  in  adjustment  at  the 
same  time.  The  reversals  of  the  magnetizing  cmrent  during  the 
adjustment  are  usually  sufficient  to  reduce  the  iron  to  a  mag- 
netically cyclic  state.  If  necessary,  however,  a  few  additional 
reversals  may  be  made  after  the  adjustment  is  complete. 

When  adjustment  is  obtained  for  t  —  a  and  /— /,  SD  is  thrown 
to  /  —  m  and  55  thrown  to  low  sensitivity  and  a  deflection  is  taken 
by  reversing  simultaneously  the  magnetizing  cmrents  and  the 
current  in  the  primary  of  the  mutual  inductance.  The  deflection 
should  be  small  and  in  the  direction  due  to  t.  The  induction  is 
then  obtained  by  adding  the  value  corresponding  to  the  current 
in  the  mutual  inductance  primary  to  that  indicated  by  the  deflec- 
tion. This  procedure  is  preferable  to  a  strictly  null  method 
because  of  the  difference  in  time  constants  of  the  mutual  induc- 
tance circuit  and  the  circuit  encircling  the  iron.  The  galvanometer 
index  will  always  show  a  more  or  less  complex  kick  which  is  diffi- 
cult to  interpret.     The  magnetizing  force  is  given  by  the  formula 

//  =  o.4  Tfi  I 

where  n  is  the  number  of  turns  per  centimeter  along  the  length 
of  the  magnetizing  solenoid  and  /  is  the  magnetizing  cturent  in 
amperes.  The  standard  magnetizing  coils  used  at  the  Bureau  are 
wound  so  that 

H^iool 

Since  the  test  coil  has  an  area  somewhat  greater  than  that  of 

the  specimen,  the  observed  induction  is  too  great.     The  correc- 

a  —  A 
tion  to  be  subtracted  is  —^ —  H,  where  a  is  the  area  of  the  test 

coil  and  A  is  the  cross  section  of  the  specimen. 

Other  points  on  the  normal  induction  curve  are  obtained  in  a 
similar  manner.     It  is  not  necessary  to  repeat  the  demagnetiza- 
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tion  in  the  determination  of  successive  points  at  magnetizing 
forces  greater  than  the  preceding.  However,  if  it  should  be  nec- 
essary to  make  a  determination  at  a  magnetizing  force  less  than 
the  preceding,  demagnetization  is  necessary. 


Fio.  4 

5.  HYSTERESIS  DATA 

The  determination  of  a  hysteresis  loop  can  perhaps  be  best 
understood  by  reference  to  Fig.  4.  Where  the  iron  has  been 
brought  to  the  induction  chosen  for  the  tip  of  the  loop  and  the 
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cyclic  state  established  its  condition  is  represented  by  the  point  A. 
The  magnetizing  force  is  then  Oi  and  the  induction  is  OX.  U 
the  magnetizing  force  is  reversed,  the  iron  is  carried  along  the 
magnetic  path  represented  hy  A  E  K  to  the  point  K,  where  the 
magnetizing  force  and  induction  are  each  of  the  same  magnitude, 
but  opposite  in  direction.  The  change  in  induction  is  twice  the 
induction  at  the  tip. 

Inst^d  of  reversing  the  magnetizing  force  we  may  reduce  it  to 
a  value  represented  by  the  point  C.  The  reduced  magnetizing 
force  is  then  O2  and  the  corresponding  induction  OD.  The 
change  in  induction  which  is  the  quantity  indicated  by  the  test 
coil  is  then  represented  by  XD.  If  the  apparatus  is  calibrated 
to  read  induction  in  taking  normal  induction  data  by  reversals, 
the  readings  in  each  case  are  to  be  multiplied  by  2  to  give  the 
value  of  change  in  induction.  The  value  of  the  induction  at  any 
point  is  the  induction  at  the  tip  minus  the  change  in  induction. 
Points  at  the  left  of  the  OB  axis  are  obtained  by  reversing  the 
direction  of  the  magnetizing  force  at  the  same  time  that  it  is 
reduced  in  value.  If  the  change  in  induction  is  greater  than  the 
induction  at  the  tip,  it  indicates  that  the  flux  has  changed  in  sign 
as  well  as  in  magnitude  as  at  the  point  G.  It  is  obvious  that  if 
the  auxiliary  bar  is  not  identical  with  the  test  bar  it  may  have  a 
loop  quite  different  in  shape.  This  means  in  general  that  the 
ratio  of  the  A  cturent  to  the  T  current  will  not  be  the  same  for 
other  points  on  the  loop  as  for  the  tip.  Besides  this  the  /  compen- 
sation current  will  be  different  at  other  points.  The  compen- 
sations at  the  lower  points  will  be  correct  when  in  going  from  the 
tip  there  is  the  same  change  in  induction  imder  the  a  and  ;  test 
coils  that  there  is  under  the  t  test  coil. 

The  adjustment  for  compensation  is  accomplished  in  the  follow- 
ing manner:  The  adjustment  is  first  made  for  the  tip  of  the  loop 
and  the  iron  brought  to  the  cyclic  state.  With  switch  SD  on  the 
point  t-a  (see  Fig.  2)  reduce  the  magnetizing  current  by  closing 
the  switch  KT  and  note  the  galvanometer  deflection.  Return  to 
#  the  tip  by  opening  key  KT  and  reverse  a  few  times  to  regain  the 
cyclic  condition.  Adjust  R'A  ser.  and  R'A  par.  and  operate  KiA 
and  KjA  simultaneously  with  KT.  If  there  is  still  a  residual 
deflection,  go  back  to  the  tip,  bring  the  iron  to  cyclic  state,  and 
try  again  with  a  new  adjustment  of  R'A  ser.  and  R'A  par.     This 
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procedure  is  repeated  until  upon  dropping  from  the  tip  there  is 
no  residual  deflection.  (Note  that  it  is  possible  to  make  R^A  ser.  = 
o  or  R'A  par. «  00 .)  Then  with  switch  SD  on  the  point  i-j  follow 
out  the  same  course,  operating  KT,  K^A,  K^,  and  KJ  simul- 
taneously and  making  the  adjustments  with  K^J.  It  must  be 
noted  that  a  change  of  one  adjustment  may  change  the  other, 
and  it  will  be  necessary  to  check  back  and  forth  from  t-a  to  t-j 
till  both  adjustments  are  good. 

The  final  adjustments  are  always  to  be  made  with  the  galva- 
nometer at  its  maximum  sensitivity.  The  reading  is  taken  with 
switch  SD  on  the  point  t-^m  and  galvanometer  on  low  sensitivity 
by  operating  simultaneously  KT,  K^A,  K^A,  and  KJ  and  at  the 
same  time  reversing  5Af .  M  should  have  such  a  ciurent  in  its 
primary  that  the  residual  deflection  is  small  and  in  the  direction 
due  to  the  test  coil  /  encircling  the  iron.  Twice  the  siun  of  the 
reading  of  the  galvanometer  and  the  reading  of  the  mutual 
inductance  is  the  change  in  induction.  The  induction  at  the  tip 
minus  this  change  is  the  observed  induction  at  the  lower  point. 
The  air  correction  is  applied  as  in  the  case  of  normal  induction 
by  the  formula 

a-A 
where  R  =  — r-  as  before 
A 

and  Hj  =H  at  the  tip 

and  H^^H  bX  the  lower  point 
When  working  near  the  axis  but  still  on  the  positive  side,  it  may 
be  necessary  to  reverse  /  at  the  same  time  that  it  is  reduced. 
This  is  accomplished  by  reversing  SJ  at  the  same  time  that  the 
other  switches  are  operated.  To  go  from  the  tip  to  negative 
values  of  //,  ST  is  reversed  simultaneously  with  the  other  opera- 
tions. The  points  on  a  loop  can  be  taken  in  any  order,  as  each  one 
is  taken  from  the  tip  after  establishing  an  cyclic  condition.  It 
should  be  noted  that  the  residual  induction  can  not  be  obtained  by 
simply  opening  the  switches,  as  in  that  case  there  are  magnetizing 
forces  acting  on  the  test  bar  due  to  the  differences  in  retentivity 
of  the  different  parts  of  the  magnetic  circuit,  and  thus  the  mag- 
netizing force  is  not  zero  and  can  not  be  measiu'ed. 

This  method,  in  common  with  all  others,  assimies  specimens 
magnetically  uniform  along  their  length  and  for  accurate  work 
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this  requirement  must  be  met.  Also  for  precision  work  where  the 
highest  acciu-acy  is  desired  it  is  necessary  to  control  the  tempera- 
ture at  some  value  and  always  make  measurements  at  that  tem- 
perature.    The  standard  temperatiure  adopted  at  the  Btueau  is 
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Fig.  6. — Showing  diagrams  of  connections  of  gang  switch  for  permeability  and  hysteresis 

measurements 

A,  Complete  connections:  B,  main  solenoid  connections:  C,  joint  coil  circuits:  D,  mutual  inductance 

primary  circuit  % 

25°  C,  which  is  maintained  by  an  electrically  heated  and  con- 
trolled oH  bath. 

6.  SPECIAL  SWITCH  Ain>  MANIPULATIONS 

The  switching  operations  for  the  permeameter   are   gpreatly 
facilitated  by  a  specially  designed  switch  shown  in  Fig.  5.     The 
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diagram  A  of  Fig.  6  shows  the  complete  electrical  comiections  of 
this  switch.  In  diagrams  B,  C,  and  D  the  main  solenoid  coimec- 
tions,  the  joint  coil  circuits,  and  the  mutual  inductance  primary 
circuit  are  shown  separately  for  greater  clearness. 

During  the  course  of  a  complete  magnetic  test  the  individual 
switches  take  the  following  positions: 

Position  A:  Switches  i,  2,  3,  and  4,  as  shown  in  designs  A  of 
Fig.  6,  are  all  up  and  the  corresponding  electrical  connections 
are  as  shown  in  Fig.  7. 

Position  B:  Switches  2  and  4  are  up ;  switches  i  and  3  are  down. 
Circuits  are  same  as  A  with  currents  reversed. 
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Fig.  7. — Electrical  connections  when  gang  switch  is  in  position  A 

Position  C:  Switch  4  is  up;  switches  1,2,  and  3  are  down.  Cir- 
cuits are  same  as  B, 

Position  D:  Switches  i,  2,  3  are  up;  switch  4  is  down.  Circuits 
are  same  as  A. 

Position  E:  Switches  i  and  3  are  up;  switches  2  and  4  are 
down.     Circuits  as  shown  in  Fig.  8. 

Position  F:  Switch  3  is  up;  switches  1,2,  and  4  are  down.  Cir- 
cuits are  same  as  E,  but  with  current  in  /  reversed. 

Position  G:  Switch  i  is  up;  switches  2,  3,  and  4  are  down. 
Circuits  are  same  as  E,  but  with  all  currents  except  in  /  reversed. 

Position  H:  Switches  i,  2,  3,  and  4  are  all  down.  Circuits  are 
same  as  E  with  all  cturents  reversed. 

(Note. — Switch  2  also  carries  the  reversing  switch  for  the 
mutual  inductance  M.) 
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In  the  measurement  of  normal  induction  and  hysteresis  the 
switches  are  manipulated  in  the  following  manner: 

Normal  Induction. — ^To  adjust  compensation:  Throw  switch 
from  position  A  to  position  B  and  back  repeatedly,  thus  reversing 
T,  A,  and  /.  At  the  same  time  adjust  resistances  RA  and  RJ 
imtil  there  is  no  residual  deflection  of  the  ballistic  galvanometer 
on  reversal  with  switch  SG  on  either  i-a  or  t-j. 

To  take  reading:  With  switch  SG  on  t-^m  and  with  a  suitable 
adjustment  of  resistance  RM,  throw  switch  from  position  A  to 
position  C,  thus  reversing  T,  A,  J,  and  M,  and  observe  galvanome- 
ter deflection. 
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Fig.  8. — Electrical  connections  when  gang  switch  is  in  position  E 

Hysteresis. — ^To  bring  to  cyclic  state:  With  resistances  ad- 
justed as  for  normal  induction,  throw  switch  from  position  A  to 
position  B  and  back  repeatedly,  thus  reversing  T,  A,  and  /. 

To  adjust  compensation:  Adjust  to  cyclic  state  and  perform 
one  of  the  following  operations  according  to  the  point  on  the  loop 
desired,  and  note  deflections  when  SG  is  on  i-<i  and  /-/,  respec- 
tively. If  there  is  a  residual  deflection,  readjust  resistances  R'A 
ser.,  R'A  par.,  and  R'J  ser.,  and  repeat  the  above,  including  the 
adjustment  to  cyclic  state.  When  the  adjustment  is  complete, 
there  will  be  no  residual  deflection  with  switch  SG  on  either  t-a 
or  t-j. 

To  reduce  T,  A,  and  /,  change  ratio  of  >1  to  T  and  reverse  M; 
throw  switch  from  position  D  to  position  E. 

To  reduce  T,  A ,  and  /,  change  ratio  of  A  to  T,  and  also  reverse 
J  and  M;  throw  switch  from  position  D  to  position  F. 
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To  reduce  T,  A ,  and  /,  change  ratio  of  i4  to  T  and  reverse 
T,  i4,  and  M  but  not  /;  throw  switch  from  position  D  to  posi- 
tion G. 

To  reduce  T,  A,  and  /,  change  ratio  oi  A  to  T  and  reverse 
T,  A,  J,  and  M;  throw  switch  from  position  D  to  position  H. 

The  ratio  of  i4  to  T  is  unchanged  if  R'A  ser.  is  o  and  R'A 
infinite;  is  increased  if  R'A  ser.  is  o  and  R'A  finite;  and  is 
increased  if  R'A  ser.  is  greater  than  o  and  R'A  par.  is  infinite. 

To  take  a  reading:  Throw  switch  as  in  adjusting  the  compen- 
sation, but  with  switch  SG  on  and  i-m  and  observe  galvanometer 
deflection.  Resistance  RM  should  be  adjusted  so  that  the  deflec- 
tion is  small  and  in  the  direction  due  to  the  test  coil. 

7.  FORM  OF  RECORD 

In  obtaining  magnetic  data  for  a  specified  set  of  inductions  of 
of  magnetizing  forces  it  is  generally  sufficient  to  take  observations 
close  to  each  of  the  desired  points  and  to  scale  off  the  desired 
values  from  the  ciu-ve  of  observed  values.  Frequently  it  takes 
less  time  to  make  two  observations,  one  on  each  side  of  the 
desired  value,  than  it  does  to  make  the  necessary  readjustments 
for  a  specific  point.  The  accompanying  data  sheets  and  curves 
illustrate  the  proeediure  of  a  complete  set  of  observations. 

V.  MEASUREMENT  OF  CORE  LOSS 

Standard  core-loss  determinations  at  the  Biu-eau  of  Standards 
are  usually  made  by  means  of  the  Lloyd  apparatus.  Core-loss 
determinations  are  also  made  according  to  the  specifications  of 
the  American  Society  for  Testing  Materials. 

A.  THE  LLOTD  APPARATUS  AND  PROCEDURE 

1.  APPARATUS 

The  material  to  be  tested  is  usually  submitted  in  the  form  of 
10  sheets  30  cm  (12  inches)  square.  This  material  is  cut  into 
strips  25.4  by  5  cm  (10  by  2  inches).  The  final  cutting  to  size  is 
done  at  the  Biureau.  These  are  assembled  into  foiu:  bundles,  in 
each  of  which  adjacent  strips  are  separated  by  strips  of  press- 
board  of  equal  width  and  thickness,  but  2  cm  shorter.  Each 
bundle  is  wrapped  with  gummed  paper  and  is  inserted  in  a  sole- 
noid, and  the  foiu:  bundles  are  then  arranged  in  a  square  so  that 
12711*»— 16 4 
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the  plan  view  shows  the  edges  of  the  strips.  (See  Fig.  13.)  The 
solenoids  are  woimd  upon  fiber  forms,  which  are  22.7  cm  long, 
and  have  inside  dimensions  5  by  i  cm.     At  the  comers  of  the  square 
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short  pieces  of  test  material  are  bent  at  right  angles  and  inter- 
leaved between  the  strips  of  adjacent  bimdles,  as  shown  in  the 
figiure.    There  are  as  many  of  these  comer  pieces  as  there  are  test 
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pieces,  and  they  are  graduated  in  length  so  as  to  give  a  uniform  lap 
of  about  2  mm.  A  clamp  is  tightened  over  these  laps  so  as  to  give 
a  good  magnetic  joint. 
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FlG.  10. — Photograph  of  original  data  sheet  for  hysteresis  measurement 

Each  solenoid  has  two  windings.  The  secondary  consists  of 
121  turns  of  No.  14  double  cotton  covered  wire.  Over  the  sec- 
ondary is  wound  242  ttuns  of  No.  14  double  cotton  covered  wire. 


Digitized  by 


Google 


26  Circular  of  the  Bureau  of  Standards 


•3 

*«» 

.8 

{ 
I 

•ft. 

i 


V 


t 


Digitized  by 


Google 


Magnetic  Testing  27 


1 


1 

•cv. 


OS 

I 


o 


Digitized  by 


Google 


28  Circular  of  the  Bureau  of  Standards 

The  fotir  solenoids  are  connected  in  series,  making  a  total  of  968 
magnetizing  turns  and  484  tiuiis  in  the  secondary.  The  volt- 
meter and  wattmeter  which  are  deflecting  mirror  electrodynamom- 
eters  are  connected  in  parallel  to  the  secondary  winding.  The 
magnetizing  current  traverses  the  field  coils  of  this  wattmeter. 


Fig.  13. — Plan  of  Lloyd  apparatus  with  test  pieces  in  position.    Corner  pieces  have  been 
removed  from  two  and  clamps  from  three  corners 

whose  deflections  are  a  measm-e  of  the  power  supplied  to  the  core 
and  the  secondary  coils.  The  copper  loss  in  the  primary  is  thus 
eliminated  from  the  power  measurement.  Error  will  arise  only 
when  there  is  flux  threading  the  core  and  linked  with  the  primary, 
which  is  not  linked  with  the  secondary.  This  is  avoided  by 
winding  the  secondary  under  the  primary  and  making  the  two 
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coextensive  in  length.  The  energy  in  each  instrument  circuit  is 
obtained  by  squaring  the  secondary  voltage  and  dividing  by  the 
resistance.  By  using  a  small  number  of  turns  in  the  secondary 
and  sensitive  instruments  these  corrections  are  kept  very  small 
and  may  be  calculated  from  the  resistance  and  voltage. 

Voltmeter  and  wattmeter  each  have  variable  multipliers,  whose 
resistances  are  adjusted  to  give  a  suitable  deflection  in  each  case. 
The  precision  of  reading  which  is  usually  better  than  o.i  per  cent, 
is  higher  than  ordinarily  required. 

The  frequency  is  determined  by  a  Hartmann  and  Braun  fre- 
quency meter,  which  has  been  calibrated  by  the  use  of  a  chrono- 
graph, or  where  greatest  acciuacy  is  required  the  chronograph  is 
used  directly. 

When  it  is  desired  to  measiure  the  magnetizing  current,  an 
ammeter  of  low  resistance  can  be  introduced  into  this  circuit. 

On  accotmt  of  the  lapping  of  the  comer  pieces  over  the  ends  of 
the  test  pieces  the  flux  density  is  low  in  this  part  of  the  material, 
and  the  results  must  be  corrected  therefor.  The  amount  of  lap  is 
determined  by  the  relative  weights  of  comer  and  test  pieces  as 
compared  with  the  relative  lengths  of  the  two  parts  of  the  circuit. 
When  the  comer  pieces  are  of  the  same  material  as  the  test  pieces, 
it  is  assumed  that  the  flux  density  is  halved  in  the  portion  of 
material  which  laps,  and  the  energy  loss  is  consequently  only  one- 
third  normal. 

Binomial  (or  average)  maximum  flux  density. 
Bi »  maximum  fltix  density  at  ends  of  test  pieces. 
M  «mass  of  test  pieces, 
m  »mass  of  comer  pieces, 
/'-dimension  shown  in  Fig.  13. 
PT-measiu-ed  loss. 

rj«  proportional  increase  in  mass  of  magnetic  circuit, 
due  to  comer  pieces. 

—  proportional  increase  in  length  of  magnetic  circuit, 

^'^        due  to  comer  pieces. 

YT =«  c  =-  mass  of  comer  pieces  which  lap,  expressed  in  terms 

^       25.4  -  rx   1.      •  r-         f 

^  ^  of  mass  of  test  pieces. 

2£:>- total  material  (lapped  and  lapping  iron)  in  which 

flux  density  is  — ^ 
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2cm  I— (— ^)  I  =  2cH^A  =  correction  to  W  for  lap,  where  x  ex- 
presses the  law  of  variation  of  loss  with  B, 

With  sufficient  accuracy  for  the  purpose,  K  may  be  taken  as 
0.70,  so  that  the  correction  becomes  1.4  cW,  and  the  loss  per  imit 

W  W 

mass  is  yt (i  +  1.4c)  or  7^7 v-t r  ^vith  sufficient  accu- 

M+wi  ^         (M+w)  (i  -  1.4c) 

curacy.    The  latter  form  is  the  most  useful  in  practice,  since  a 

munber  of  observations  at  different  flux  densities  are  usually  made 

upon  a  single  specimen,  and  the  correction  may  be  made  once  for 

all  to  the  mass.     The  quantity  (M 4-w)  (i  -  1.4c)  may  be  called 

the  "effective  mass.'* 

Comer  pieces  of  different  material  but  of  approximately  the 
same  quality  and  thickness  may  be  used  with  satisfactory  and 
reliable  results,  providing  the  constants  of  the  material  are  known. 
When  using  comer  pieces  of  different  material  from  the  test 
pieces,  it  is  necessary  to  compute  the  loss  in  the  entire  comer 
pieces  and  then  determine  the  "  effective  mass  "  resulting  from  the 
lap  reducing  the  flux  in  the  test  pieces.  Since  the  thickness  of 
comer  pieces  may  be  different  from  that  of  the  test  pieces,  it  is 
necessary  to  consider  this,  and  the  flux  at  the  lap  may  be  considered 
to  divide  evenly  between  the  two,  or  in  proportion  to  their  thick- 
ness. As  the  results  do  not  differ  materially,  we  assume  that  in 
each  lapped  part  the  flux  density  is  half  the  value  in  the  rest  of 
the  material. 

Let 

<  =  thickness  of  test  pieces, 
<,  =  thickness  of  comer  pieces, 
w  =  loss  per  imit  mass  in  comer  pieces, 

and  other  quantities  as  before.  We  neglect  leakage  which  is 
small;  c  must  now  be  computed  by  using  for  M  the  mass  M^  of 
test  pieces  of  same  material  as  comer  pieces.    The  loss  in  the 

comer  pieces,  if  there  were  no  lap,  would  be  wm  (jj.    Considering 

the  effect  of  lap  it  is  w  (m  —  0.7  cM^  (  7  /*  "^  ^^-  '"^^^  correction  to 
the  loss  in- test  pieces  due  to  lap  is  0.7c  {W  —  Wc)  and  the  loss  per 
imit  mass  is^.   _ — ^x  •     If  the  comer  pieces  are  of  approximately 


Digitized  by 


Google 


Magnetic  Testing  31 

the  same  thickness  as  the  test  pieces,  the  loss  in  them  is  approxi- 
mately w(in— 0.7  cMi).  Here,  again,  the  quantity  (tn—0.7  ^^1) 
can  be  determined  once  for  an  entire  set  of  measm-ements. 

2.  PROCBDURB 

The  material  is  cut  into  strips  of  the  given  dimensions  by  the 
use  of  a  sharp  machine  shear  with  nearly  parallel  jaws.  The 
number  of  strips  is  determined  by  the  thickness,  and  for  gauge 
No.  29  amounts  to  48.  The  strips  are  then  weighed,  bimdled,  and 
motmted  in  the  solenoids.  The  effective  voltage  corresponding  to 
any  given  flux  density  and  frequency  is  computed  from  the  follow- 
ing relation: 

E  =  4/iV«^io-  =  4-44  X  484  Xio-»g^  ^ 
'  ioi.6p 

where  n= frequency,  ^= total  flux,  /—form  factor  of  secondary 
emf,  and  p  =  density. 

The  dynamometer  voltmeter  is  calibrated  for  one  voltage  as 
determined  above,  and  when  taking  observations  for  watt  loss,  the 
impressed  voltage  is  adjusted  imtil  the  same  deflection  is  obtained. 
For  other  frequencies  and  flux  densities  the  resistance  in  the 
voltmeter  circuit  is  altered  imtil  it  is  proportional  to  the  product 
Bn^  so  that  the  same  deflection  is  always  used.  For  the  lower 
values  of  this  resistance,  the  slight  correction  due  to  the  inductance 
of  the  instrument  is  also  made.  In  computing  the  power  supplied 
to  the  voltmeter  circuit  it  may  then  be  remembered  that  this  energy 
is  also  proportional  to  Bn,  since  the  same  current  is  used  through- 
out. An  adjustable  resistance  is  used  in  the  potential  circuit  of 
the  wattmeter,  so  that  the  power  consimied  here  is  also  readily 
computed.  This  resistance  is  adjusted  so  that  the  deflection 
will  remain  within  certain  limits.  These  Hmits  are  so  chosen  that 
within  them  the  deflections  are  proportional  to  the  watts. 

A  direct-coimected  motor-driven  generator  gives  an  emf  wave 
which  is  sufficiently  close  to  the  sinusoidal,  and  the  form  factor  of 
the  secondary  emf  has  been  determined  and  foimd  sufficiently 
near  to  that  assumed  through  the  working  ranges  of  flux  density 
at  the  frequencies  used. 

The  frequencies  ordinarily  used  are  60  and  30  cycles,  the  latter, 
being  chosen  because  it  makes  the  separation  of  hysteresis  and 
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eddy-current  losses  easy  to  compute.  The  motor  is  supplied  with 
power  from  a  storage  battery  and  the  speed  is  controlled  by  field 
resistance.  No  rheostat  is  used  in  the  magnetizing  circuit.  An 
autotransformer  of  ample  capacity  is  used  to  step  up  or  down  to 
approximately  the  voltage  required  for  the  test.  The  final  adjust- 
ment of  voltage  is  obtained  by  adjusting  the  field  resistance  of  the 
generator.  The  electrical  connections  are  shown  in  Fig.  14. 
When  the  voltage  has  been  adjusted  to  give  the  proper  reading  on 
the  voltmeter  connected  to  the  secondary  circuit  the  wattmeter  is 
read.  An  adjustment  is  then  made  for  a  different  flux  density  and 
readings  taken  as  before.  When  the  magnetizing  ciurent  is 
desired  an  ammeter  is  included  in  the  magnetizing  circuit  and  its 


^1 — vwywwv 


Pnmary 


At/tO'         Primary 
tro/tj  former 


mtt/nerer 


Fig.  14. — Diagram  of  electrical  connections  for  core  loss  measurements 

indications  noted.  Whenever  a  change  is  made  from  a  higher  to  a 
lower  flux  the  current  is  reduced  gradually  to  the  lower  value  in 
order  to  demagnetize  the  material.  Whenever  the  magnetizing 
circuit  has  been  broken  it  is  closed  through  a  considerable  resist- 
ance, which  is  continuously  reduced  to  zero  in  order  to  prevent  a 
large  first  sm-ge  and  consequent  high  magnetization,  which  would 
require  subsequent  demagnetization. 

3.  SBPAKATION  OF  BDDY-CURRBNT  AND  HTSTBRBSIS  LOSSES 

The  total  loss  is  separated  into  two  components,  due  respectively 
to  hysteresis  and  eddy  cmrents,  as  follows,  using  the  Steinmetz 
equation, 
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where  the  sjrmbols  have  the  same  significance  as  before,  17  and  f 
being  constants  of  the  material.  By  taking  observations  at  two 
frequencies,  n^  and  n,,  we  have 

W 
^1 
W 

where  a  is  the  hysteresis  loss  per  cycle  and  bn  the  eddy-current 
loss  per  cycle 

- — w* 12, 

a=  — 


If  ttj  =•  2n„  this  computation  is  greatly  simplified;  for  then 

P^,     W,     W,     . 
fij      Hi      rij 

While  the  Steinmetz  equation,  and  consequently  this  separa- 
tion, is  not  acciurately  in  accordance  with  the  facts,  the  errors  are 
very  small  in  thin  sheets.  The  exponents  x  and  y  can  be  deter- 
mined by  observations  at  different  flux  densities.  Where  the 
eddy-current  loss  is  small,  as  in  silicon  steel,  the  values  of  y  are 
subject  to  greater  error. 

B.  THE  A.  S.  T.  M.  APPARATUS  AND  PROCSDURB 

The  standard  specifications  of  the  American  Society  for  Test- 
ing Materials  for  core-loss  tests  are  as  follows: 

The  magnetic  circuit  shall  consist  of  10  kg  (22  pounds)  of  the  test 
material,  cut  with  a  sharp  shear  into  strips  50  cm  (19H  inches) 
long  and  3  cm  (i^  inches)  wide,  half  parallel  and  half  at  right 
angles  to  the  direction  of  rolling,  made  up  into  foiu*  equal  bimdles, 
two  containing  material  parallel  and  two  containing  material  at 
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right  angles  to  the  direction  of  rolling,  and  finally  built  into  the 
foiu"  sides  of  a  square  with  butt  joints  and  opposite  sides  consist- 
ing of  material  cut  in  the  same  manner.  No  insuliation  other  than 
the  nattural  scale  of  the  material  (except  in  the  case  of  scale-free 
material)  shall  be  used  between  laminations,  but  the  comer  joints 
shall  be  separated  by  tough  paper  o.oi  cm  (0.004  inch)  thick. 

The  magnetizing  winding  shall  consist  of  four  solenoids  stu-- 
rotmding  the  four  sides  of  the  magnetic  circuit  and  joined  in 
series.  A  secondary  coil  shall  be  used  for  energizing  the  volt- 
meter and  the  potential  coil  of  the  wattmeter. 

These  solenoids  shall  be  wound  on  a  form  of  any  nonmagnetic 
nonconducting  material  of  the  following  dimensions  : 

Cm 

Inside  cross  section 4  by  4 

Thickness  of  wall Not  over  0.3 

Winding  length 42 

The  primary  winding  on  each  solenoid  shall  consist  of  150  turns 
of  copper  wire  imiformly  woimd  over  the  42-cm  length.  The 
total  resistance  of  the  magnetizing  winding  shall  be  between  0.3 
and  0.5  ohm.  The  secondary  winding  of  150  turns  of  copper 
wire  on  each  solenoid  shall  be  similarly  wotmd  beneath  the 
primary  winding.     Its  resistance  shall  not  exceed  i  ohm. 

A  voltmeter  and  the  voltage  coil  of  a  wattmeter  shall  be  con- 
nected in  parallel  to  the  terminals  of  the  secondary  winding  of 
the  apparatus.  The  cturent  coil  of  the  wattmeter  shall  be  con- 
nected in  series  with  the  primary  winding. 

A  sine-wave  electromotive  force  shall  be  applied  to  the  primary 
winding  and  adjusted  imtil  the  voltage  of  the  secondary  circuit 
is  given  by  the  equation: 

4fNnBM 
^"     4lDio^ 
in  which 

/=form  factor  of  primary  emf    =1.11  for  sine  wave 
N = number  of  secondary  turns      =  600 
n  =  number  of  cycles  per  second    =  60 
B = maximiun  induction  =10  000 

M  =  total  mass  in  grams  =  10  000 

/ = length  of  strips  in  centimeters  =  50 
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D  =  specific  gravity  =  7.5  for  high-resistance  steel 

=  7.7  for  low-resistance  steel 
£=  106.6  volts  for  high-resistance  steel  for  sine  voltage 
=  103.8  volts  for  low-resistance  steel  for  sine  voltage 

A  specific  gravity  of  7.5  is  assumed  for  all  steels  having  a  resist- 
ance of  over  2  ohms  per  metergram,  and  7.7  for  all  steels  having 
a  resistance  of  less  than  2  ohms  per  metergram.  These  steels 
are  designated  as  high  and  low  resistance  steels,  respectively. 

The  wattmeter  gives  the  power  consiuned  in  the  iron  and  the 
secondary  circuit.     The  loss  in  the  secondary  circuit  is  given  in 


Fio.  15. — Illustrating  the  A.  S.T.  M.  method  of  sampling 

terms  of  the  total  resistance  and  voltage.  Subtracting  this  cor- 
rection term  from  the  total  power  gives  the  net  power  consumed 
in  the  steel  as  hysteresis  and  eddy-current  loss.  Dividing  this 
value  by  ID  gives  the  core  loss  in  watts  per  kilogram. 

Sampung. — ^The  core-loss  material  shall  be  cut  from  two  or 
more  sheets  taken  at  random  from  the  shipment.  The  strips 
should  be  distributed  s)rmmetrically  over  the  sheet,  as  nearly  as 
may  be  practicable.     For  example,  see  Fig.  15. 

It  is  recommended  that  a  test  sample  shall  represent  not  more 
than  5000  kg  (i  i  000  pounds). 
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VI.  EMPIRICAL  FORMULAS 

Whfle  there  are  no  anal3rtical  expressions  by  means  erf  which 
exact  values  of  the  magnetic  induction  may  be  calculated  from  the 
magnetizing  force,  there  are  several  approximate  relations  which 
are  frequently  of  service. 

1.  INDUCTION 
The  relation 

B^aH 

where  a  is  a  constant,  is  sometimes  useful  in  calculations  which 
involve  only  extremely  low  magnetizing  forces;  for  example,  such 
magnetizing  forces  as  occur  in  telephone  loading  coils.  The 
formula 

B^oH-^blP 

holds  through  a  wider  range  and  may  generally  be  used  for  mag- 
netizing forces  less  than  unity. 

For  calculations  involving  high  inductions  the  formida 

is  very  helpful.    This  relation  is  generally  expressed  in  the  form 

whence  it  appears  that  the  relation 

is  linear,  and  hence  suitable  for  extrapolation.  This  relation  is 
valuable  for  the  calculation  of  inductions  corresponding  to  mag- 
netizing forces  greater  than  those  which  can  be  easily  measiu-ed. 
By  it  one  may  readily  estimate  the  induction  at  a  magnetizing 
force  of  I  GOO  gausses  from  observations  at  magnetizing  forces  of 
200  and  300  gausses. 

For  still  higher  magnetizing  forces  we  may  make  use  of  the  fact 
that  practical  sattu-ation  is  reached  at  1000  gausses  and  that  for 
greater  magnetizing  forces  the  increase  in  induction  is  equal  to 
the  increase  in  magnetizing  force. 
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2.  HTSTBRBSIS  LOOP 

A  rough  approximation  to  the  area  of  a  hjrsteresis  loop  is  given 
by  the  equation 

Area  of  hysteresis  loop  =  4  //« X  Bm«x. 

The  area  thus  indicated  is  too  large  for  material  of  low  permea- 
bility and  too  small  for  material  of  high  permeability.  The 
maximum  error  is  less  than  15  per  cent. 

3.  CORE  LOSSES 
The  formula 

represents  with  a  fair  degree  of  approximation  the  relation  be- 
tween the  total  core  loss  and  the  quantities  which  determine  its 
magnitude.  This  equation  assumes  that  the  induction  is  the 
same  over  different  cross  sections  of  the  test  material,  that  the 
exponents  are  constant,  and  that  the  frequency  is  not  too  high  to 
permit  the  material  to  be  magnetized  to  the  same  maximum 
value  throughout  the  cross  section. 

If  this  formula  is  true  and  the  foiu-  constants  are  known,  one 
may  calculate  the  losses  at  any  induction  and  frequency. 

The  data  required  for  the  separation  of  the  core  loss  into  its 
eddy-current  and  hysteresis  components  (as  on  p.  32)  involve 
observations  imder  the  same  conditions  of  induction  and  differing 
only  in  frequency.  With  low  frequencies  of  30  and  60  cycles  and 
the  thin  material  usual  in  transformer  steel,  there  is  no  appre- 
ciable error. 

4.  EXPONENTS  AND  THE  RATIO  OF  VARIATION 

The  data  required  for  the  determination  of  the  exponents,  how- 
ever, involve  observations  of  different  inductions  and  different 
flux  distributions.  In  addition,  the  assumption  that  the  expo- 
nents are  constant  requires  very  careful  examination. 

It  has  long  been  known  that  an  equation  of  the  form 

will  not  acciwately  represent  either  the  hysteresis  loss  or  the  total 
iron  losses,  and  so  it  has  become  customary  to  speak  of  the  expo- 
nent as  varying  slightly  so  as  to  force  the  equation  to  fit  the 


Digitized  by 


Google 


38  Circular  of  the  Bureau  of  Standards 

experimental  values.  Numerous  determinations  have  been  pub- 
lished to  show  that  the  value  of  the  exponent  originally  given  by 
Steinmetz  of  1.6  is  only  a  suflBciently  good  mean  for  use  over  the 
limited  range  of  inductions  used  in  the  design  of  power  trans- 
formers, and  that  not  only  different  kinds  of  iron  give  different 
values,  but  that  for  the  same  sample  of  iron  the  exponent  varies 
with  the  induction. 

Unfortimately,  however,  the  methods  that  have  been  univer- 
sally used  to  determine  the  exponent  have  depended  upon  the 
implicit  assimiption  that  the  exponent  is  a  true  constant,  and 
hence  the  values  obtained  are  not  actually  exponents,  but  are,  in 
most  cases,  the  logarithmic  derivative  of  W  with  respect  to  5, 
and  this  becomes  the  exponent  only  in  the  case  where  it  is  a  con- 
stant. In  order  to  make  the  matter  clear  it  will  be  well  to  con- 
sider first  the  methods  that  have  been  used  to  obtain  the  exponent 
from  the  experimental  values.' 

The  method  most  generally  used  at  present  is  to  plot  W  against  B 
on  logarithmic  paper  and  measiu-e  the  slope  of  the  resulting  curve 
at  various  values  of  B.  Still  considering  c  a  constant,  if  we 
differentiate  the  equation  W^KB'',  first  taking  logarithms  of 

both  sides, 

log  W^  =  log  K  +c  log  B 
d(XogW)^cd(\ogB) 

"^    d(XogB)  ^'^ 

which  shows  that  c  is  the  slope  of  the  logarithmic  curve.  An 
equally  acciwate  but  less  convenient  method  may  be  used  with 
ordinary  cross-section  paper.  Equation  (i)  may  be  written  in 
the  form 

dW 
_W_B^      dW 
^'dB^W  '    dB  ^^^ 

B 

from  which  the  value  of  c  at  an^y  point  of  the  curve  is  seen  to 
depend  upon  the  values  of  W,  B,  and  the  slope  of  the  curve  at  the 

*  This  discussion  of  exponents  and  the  ratio  of  variation  is  taken  aknost  verbatim  from  a  paper  by  P.  O. 
Agncw  on  "A  study  of  the  current  transformer  with  particulsu-  reference  to  iron  loss."  Bull..  Bureau  at 
Standards,  7.  p.  423;  i9"  (Scientific  Paper  No.  164). 
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point.  These  three  quantities  must  be  expressed  in  consistent 
units,  as  the  slope  -r^  is  no  longer  a  simple  geometrical  ratio  as  in 

W 
equation  (i),  but  has  the  dimensions  of  -^.     Another  method 

which  is  often  used  is  to  solve  for  c  from  the  values  at  two  points 

of  the  curve.     Thus  if 

and  W,^KB,^\ 

then  ^J^,    logl^,-logt^, 

log  ^     ^^S  i5,-log  B, 

Common  logarithms  may  be  used  in  either  (i)  or  (4). 

None  of  tiiese  methods  is  correct  if  we  are  dealing  with  a  vari- 
able exponent,  for  then  in  differentiating  to  get  (i)  and  (2)  we 
should  have  had  to  take  accoimt  of  the  variation  of  c  with  respect 
to  B,  and  evidently  (4)  could  not  have  been  deduced  at  all  since 
we  should  have  had  different  values  of  c  in  (3).  This  will  appear 
more  clearly  in  an  examination  of  the  general  case  in  which 

W^K  B*  (5) 

where  the  exponent  z  is  now  a  variable.  It  may  first  be  said  that 
suggestions  have  been  made  that  K  shotild  be  considered  to  vary 
so  as  to  fit  the  observations  to  some  sort  of  a  curve,  and  some 
writers  have  even  treated  both  the  coeflScient  and  the  exponent  as 
variables,  which  is  manifestly  absurd.  To  consider  that  we  have 
an  exponent  which  varies  slightly  about  a  mean  introduces  com- 
plications, as  will  be  shown,  which  greatly  limits  its  usefulness, 
while  any  attempt  to  treat  such  a  formula  containing  a  variable 
coefiicient  can  accomplish  nothing  since  in  its  very  simplest  form 
the  exponent  would  reduce  to  unity  which  merely  brings  us  back 
to  the  measm-ed  values  of  B  and  W. 

To  determine,  then,  the  realtions  which  follow  by  treating  the 
coefficient  as  constant  and  the  exponent  as  a  variable,  write  (5) 
in  the  logarithmic  form, 

log  W  =  \ogK  +2  log  B 
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DiflFerentiating, 

dW    ,      u^  ^^B 

dW 

^-z-^BlogB^  (6) 

B 

The  left-hand  member  of  this  equation  is  the  logarithmic  deriva- 
tive of  W  with  regard  to  B,  or  the  slope  of  the  curve  obtained 
by  plotting  W  against  B  on  logarithmic  coordinate  paper.  If  z  is 
a  constant  the  last  term  becomes  zero,  the  curve  becomes  a  straight 
line,  and  the  slope  of  the  logarithmic  curve  is  the  exponent.  But 
if  2r  is  not  zero  the  value  of  the  exponent  from  equation  (6)  is 

dW 

z-^-Blo,B%  (7) 

B 

This  shows  that  the  logarithmic  derivative  is  not  the  same  as 
the  exponent,  as  is  tacitly  assumed  in  the  methods  in  common 
use  in  the  determination  of  the  exponent  where  the  latter  varies. 
The  last  term  in  (7)  is  entirely  neglected  in  the  methods  which 
make  use  of  either  logarithmic  or  ordinary  coordinate  paper,  as 
what  is  measured  in  these  cases  is  merely  the  logarithmic  deriva- 
tive. Similarly  the  method  of  solving  for  the  exponent  by  using 
values  at  two  points  of  the  ciu^e  will  not  give  even  the  average 
value  of  the  exponent  over  the  range  taken,  as  it  is  generally 
believed  to  do,  for  by  equation  (4)  the  quantity  thus  given  is 

•^^^ 

Now,  if  we  take  B,  very  near  B,  we  may  replace  W„  H^„  fi„  B„ 
by  W+SW,  W,  B  +SB,  and  B. 

log  pit;   log-ir- 


,       5,     ,      B+SB 
log-^     log-g— 
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(iW\      sw 
I  +  T7^  1  by  Tx^,  which  is  the  first  term 

in  its  expansion,  and  similarly  for  B. 
This  gives 

SW 

w 

iB 
B 

which  is  the  logarithmic  derivative.  Hence,  this  method  gives 
a  result  which  approaches  that  given  by  the  other  methods, 
namely,  the  slope  of  the  logarithmic  ctirve  instead  of  the  exponent. 

The  slope  of  the  logarithmic  ciu^e  is,  however,  of  much  more 
practical  importance  than  the  true  exponent,  for  the  greatest  use 
of  such  empirical  relations  is  as  interpolation  formulas.  The 
logarithmic  derivative,  which  is  referred  to  hereafter  as  the  **  ratio 
of  variation,"  is  an  exceedingly  convenient  form  for  interpolation, 
since  for  small  variations  it  is  the  ratio  of  the  percentage  change 
in  the  dependent  variable  to  the  percentage  change  in  the  inde- 
pendent variable. 

In  order  to  bring  out  graphically  the  differences  that  may 
exist  between  the  exponent  and  the  ratio  of  variation  in  geo- 
metrical curves  of  the  general  parabolic  form  and  whose  exponents 
are  of  the  order  of  magnitude  of  those  met  with  in  iron  losses,  in 

Fig.  16  the  curve  y^x*^  together  with  the  exponent  and  the 
ratio  of  variation  have  been  plotted.  This  curve  was  chosen,  as 
the  values  of  the  exponent  and  the  ratio  of  variation  are  aroimd 
2  and  both  decrease  with  increasing  values  of  x.  In  Fig.  17  the 
curve  ^=x^+^-^'  together  with  the  exponent  and  the  ratio  of 
variation  are  plotted.  It  will  be  seen  that  when  the  exponent  is 
2  the  ratio  of  variation  is  4.3. 

Since  the  last  term  in  equation  (6)  is  positive,  it  follows  that 
the  ratio  of  variation  will  be  greater  than  the  exponent  when  the 
latter  is  increasing,  and  less  when  the  exponent  i$  decreasing. 
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Consequently  the  exponent  curve  lies  above  in  Fig.  i6  and  below 
in  Fig.  17. 

If  in  the  case  of  a  curve  whose  exponent  is  changing  slowly  we 
choose  two  points  of  reference  and  solve  for  the  exponent  as  if  it 
were  constant,  one  might  expect  to  get  a  value  somewhere  near 
the  mean  of  the  actual  values  at  the  given  points,  but  such  is  not 
the  case.  It  may  be  either  greater  or  less  than  the  actual  value  at 
either  limit,  according  to  circumstances.  A  more  surprising  result 
of  the  variation  of  the  exponent  is  the  effect  that  such  a  method 
has  in  making  large  changes  in  the  coefficient.     For  example,  if 


22      24 

Fig.  16. — Showing  the  difference  between  the  exponent  and  the  ratio  of  variation  in  the 

curve  y=%^« 

we  consider  the  ciu^e  of  Fig.  16  as  an  experimental  curve  and 
attempt  to  determine  the  coefficient  and  exponent  by  this  method, 
which  is  the  one  that  has  been  most  frequently  used  in  discussing 
changes  in  the  Steinmetz  exponent,  we  get  the  following  results. 
The  computed  exponents  are  nearly  identical  with  the  ratio  of 
variation. 


Limits  nsed 

x™  6  to  x->  8 
X— 8tox— 10 

r-x»-» 

y-x»-» 

y=- 0.075  x»-» 
y- 0.0137  x»" 
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The  matter  is  not,  however,  so  seriotis  as  these  results  indicate 
at  first  sight,  for  while  the  exponents  have  increased  the  coefficient 
has  changed  from  unity  to  the  small  fractions,  and  either  of  the 
computed  curves  will  give  fair  approximations  throughout  the 
small  range  for  which  it  is  computed.     Yet  it  does  emphasize  the 


7  6  9  10 

Fto.  17. — Showing  the  difference  between  the  exponent  and  the  ratio  of  variation  in  the 

curve  y=«x*"**'** 

desirability  of  abandoning  the  use  of  the  word  "exponent"  as 
applied  to  the  results  of  such  processes. 

On  the  whole,  the  determination  of  the  actual  exponent  is  of 
little  practical  importance.  It  is  much  more  difficidt  to  deter- 
mine than  the  ratio  of  variation,  it  depends  upon  the  tmit  in 
which  the  independent  variable  is  expressed,  and  after  it  is  once 
determined  its  use,  as  in  interpolation,  requires  logarithms  even 
for  small  intervals.     The  ratio  of  variation,  that  is,  the  slope  of 
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the  logarithmic  curve,  is  much  more  convenient  to  use  in  interpo- 
lating over  small  intervals.  The  fact  that  a  constant  exponent 
is  the  same  as  the  ratio  of  variation  has  led  to  a  f  ailm-e  to  distin- 
guish between  them  when  the  exponent  is  not  constant,  and  this 
has  introduced  considerable  confusion,  not  only  in  the  literatiu-e 
of  iron  losses,  but  in  the  other  fields  in  which  the  same  ideas  are 
made  use  of.  Many  attempts  have  been  made  to  meastu'e  the 
variation  of  the  exponent  by  methods  which  assume  a  constant 
exponent. 


Fig.  i8. — Showing  typical  normal  induction  curves  for  the  usual  commercial  magnetic 
materials  for  magnetizing  forces  less  than  jo  gausses 

Vn.  TYPICAL  CURVES  AND  DATA 

The  following  ctu-ves  are  given  to  show  the  characteristics  which 
are  commonly  obtained  in  ordinary  commercial  magnetic  materials. 
Figs.  1 8,  19,  and  20  show  the  magnetic  characteristics  of  some  of 
the  materials  which  are  commonly  employed  in  the  construction 
of  magnetic  and  electromagnetic  apparatus.  These  include  elec- 
trol)rtic  iron,  wrought  iron,  ordinary  d3mamo  sheet,  low-carbon 
bessemer  (about  0.17  per  cent  C) ,  high-silicon  sheet  (about  3>^  per 
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Fio.  19. — Showing  typical  normal  induction  curves  for  tht  usual  commercial  magnetic 
materials  for  magnetiting  forces  between  jo  gausses  and  300  gausses 


Fio.  20. — Showing  typical  normal  induction  curves  for  the  usual  commercial  magnetic 
materials  for  magnetieing  forces  between  300  gausses  and  j,ooo  gausses 
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Fig.  2 1 . — Showing  typical  hysteresis  half  loops  for  the  usual  commercial  magnetic  materials 
used  in  transformer  and  armature  construction 


Fio.  32. — Showing  typical  hysteresis  half  loops  for  the  usual  commercial  magnetic  materials 
used  for  permanent  magnets 
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cent  Si),  annealed  and  hardened  high-carbon  steels  (about  i  per 
cent  C),  tungsten  steel,  and  cast  iron.  Pig.  21  shows  hysteresis 
loops  from  a  tip  of  10  000  gausses  for  dynamo  steel,  high-silicon 
steel,  and  wrought  iron,  which  materials  are  largely  used  in  electro- 
magnetic cores,  transformers,  and  armatiwes.     Fig.  22  gives  hys- 
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Fig.  23. — Showing  typical  curves  of  total  core  losses  for  the  usual  materials  used  in  trans- 
former and  armature  construction 

teresis  loops  for  cast  iron  both  in  the  hardened  and  in  the  soft  state 
and  for  timgsten  magnet  steel.  Fig.  23  gives  the  values  of  the 
total  core  loss  at  60  cycles  for  different  values  of  the  maximum 
induction  for  the  steels  ordinarily  used  in  alternating-current 
apparatus.  These  steels  are  generally  grouped  as  high-resistance 
steels  and  low-resistance  steels.     High-resistance  steels  have  a 
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resistivity  of  between  3  and  5  ohms  per  metergram.  Low- 
resistance  steels  have  a  resistivity  more  nearly  i  ohm  per  meter- 
gram.  We  may  assmne  a  value  of  2  ohms  per  metergram  as  the 
dividing  point  between  high  and  low  resistance  steels.  This  makes 
a  very  useful  distinction  for  commercial  steels.  High-resistance 
steels  contain  about  3  per  cent  of  silicon  and  have  a  low  specific 
gravity  (about  7.5)  and  a  low  core  loss.  Low-resistance  steels  are 
relatively  pure  iron  and  have  a  higher  specific  gravity  (about  7.7) 
and  a  core  loss  approximately  double  that  of  the  high-resistance 
materials. 

The  magnetic  susceptibility  of  the  so-called  nonmagnetic 
materials  is  very  small.  The  most  convenient  imit  is  one-mil- 
liorfth  as  large  as  the  usual  cgs  unit.  In  terms  of  this  imit  the 
values  of  susceptibility  extend  from  about  +400  for  solid  oxygen 
to  — 14  for  the  diamagnetic  bismuth.  The  susceptibilities  given 
by  diflferent  observers  differ  quite  widely.  This  is  probably  due 
to  the  difficulty  in  getting  pure  materials.  Traces  of  iron  which 
are  too  small  to  be  measiu-ed  by  the  regular  chemical  methods  will 
frequently  mask  entirely  the  true  magnetic  properties  of  the  pure 
material,  and  consequently  an  investigator  may  report  a  sub- 
stance as  paramagnetic  and  a  later  investigator  working  with 
purer  materials  may  report  it  as  diamagnetic.  The  accompany- 
ing table  gives  the  most  probable  values  of  susceptibility  available 
at  the  present  time.  The  susceptibility  as  usually  defined  is  k^, 
sometimes  called  the  volume  susceptibility.  The  mass  suscep- 
tibility Km  is  this  value  divided  by  the  density. 
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IfanM 

Qfmbol 

10^ 

10^ 

Name 

Symbol 

IOVt 

10V« 

^•,T-%h«« 

AL 

Sb 

A 

Aa 

+  L8 
-  4 

-aio 

+  a6 

Hg 

Mo 

-  2.3 

-  a2 

Anthnin 

Nickel 

+  ao4 

Aiini,l«tm 

Afioalc 

Ni 

-as 

-  0.3 

+  a8 

-  1.0 

-  aoi 

-  a? 

-  a4 

-  ai6 
-a(?) 

-  a28 

NiClfl... 

+35 

Ba 

Nb 

+  1.3 

Biffllfcilll 

Ba 

Nitrogen,  latm.. 

N 

Oa 

+  aooi 

BL 

BIflnM. 

-14 

(T«ii^270*C). 
Bonn 

Oiygett,  1  atm  . . . 

PiUladlism 

Pho«pl»nia 

Potaaaium 

P^y^Jwm 

Seleniimi 

Silicon  . 

O 

OUquid. 
OaoUd.. 

+  ai2 

B 

260 

BnmhM 

Br 

Cd 

-  1.4 

400 

Ca4niHm? 

Pd 

P  white. 
Pred... 

+60 

+  5 

Cnahini 

Ci 

CsCl    . 

-a(?) 

-  a9 

-  0.7 

Ctkhiin 

Ca 

Pt(pura) 
K 

1 

CaO... 



-  a27 

-  a39 

+  a5 

CaClt... 

KCl 

-  a5 

^^V>iff^«  eaxbon- 

«to(iiuffbto) 
Carbon         

CaCoo... 



-0.6  to -0.9 
-  8 

Pr 

PrCh... 

+14 

Rh 

So 

Si 

+13 

-  a5 

+  1.5 

Arc  csflMHi 

-  2 

-a4 
+  aoi7 

Dtannmd 

-  0.1 

Cnbon    tflnMt 

COt"  .. 

Qoarti. . 

SiO,.... 
Olaaa... 

Ag 

Na 

-  1.2 
-0.9to-1.3 

-  1.5 

litm. 
drrlmii 

Ce 

SUver 

-  0.2 

CeCli 

+5  to +10 
+  4 

-a59 

Sodlnm . 

+  0.52 

auuntam 

Cr      .  . 

NaCl.... 

-  a  41 

Chlorine 

CI 

Co 

-  aoo7 

Cobttt 

Sulphur 

SrCl«.... 

-  0.44 

CoCl«... 

+90 

-  ao9 
+  a73 

+  6.5 

-  a  15 

S 

Ta 

-  as 

-  as* 

Comn 

C« 

CttO». . . 

-  a? 

Tantalum 
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Most  organic  compounds  are  diamagnetic  and  have  a  mass  sus- 
ceptibility between  —  0.5  and  —0.9. 

Vm.  PUBLICATIONS  ON  MAGNETIC  SUBJECTS 

The  following  papers  on  magnetic  subjects  have  been  published 
by  the  Biu-eau.  They  are  issued  in  pamphlet  form  as  Scientific 
Papers  and  will  be  sent  upon  request.  They  may  be  designated 
by  the  ntunbers  which  precede  the  titles  in  the  list.  A  complete 
list  of  the  technical  publications  of  the  Biureau,  with  brief  abstracts 
of  contents,  will  also  be  sent  upon  application. 

SCIENTIFIC  PAPERS 

No.  38.  Experiments  on  Heusler  magnetic  alloys;  by  K.  E.  Guthe  and  h.  W.  Austin. 
No.  78.  On  the  best  method  of  demagnetizing  iron  in  magnetic  testing;  by  C.  W. 

Burrows. 
No.  87.  Apparatus  for  the  determination  of  the  form  of  a  wave  of  magnetic  flux;  by 
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No.  109.  The  testing  of  transformer  steel;  by  M.  G.  Lloyd  and  J.  V.  S.  Fisher. 
No.  117.  The  determination  of  the  magnetic  induction  in  strai^^t  bars;  by  C.  W. 

Burrows. 
No.  164.  A  study  of  the  current  transformer  with  particular  reference  to  iron  loss; 

by  P.  G.  Agnew. 

No.  228.  An  experimental  study  of  the  Koepsel  permeameter;  by  C.  W.  Burrows. 

No.  245.  Temperature  coefficient  of  magnetic  permeability  within  the  working  range; 

by  R.  L.  Sanford. 
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MAGNETIC  QUANTITIES,  UNITS,  SYMBOLS,  AND 
EQUATIONS 

Magnetic  QrtarUilies  and  Units 


Quantity 
Magnetomotive  force 
Magnetic  flux 

Symbol                   Name  of  Unit 
F                    gilbert 
tp                     maxwell 

Magnetic  reluctance 
Magnetizing  force 
Magnetic  induction 
Magnetic  permeability 
Intensity  of  magnetization 
Magnetic  susceptibility 

R                    oersted 

H                    gilbert  per  cm 

B                    gauss 

M 
J 
K 

Equations 

F^OAtNI 

^=^      n^oATui 

..jvf.o- 

*-S      •'=^4;^ 

F 

^=5 

iV=  number  of  turns 

n  =  number  of  turns  per  cm 

/—current  in  amperes 

e  =■  electromotive  force  in  volts 

I  =  length  in  cm 
t  =  time  in  seconds 

5  =  cross  section  in  cm^ 
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ABSTRACT 


The  commercial  importance  of  magnetic  testing  is  continually  increasing. 
New  and  improved  magnetic  materials  are  being  developed  and  more  attention 
is  being  given  to  the  specification  and  testing  of  materials  used  primarily  for 
their  magnetic  properties.  In  order  to  promote  uniformity  in  specification  and 
testing  of  magnetic  materials  this  circular  gives  a  brief  discussion  of  magnetic 
quantities  and  characteristics  of  materials,  and  outlines  the  various  methods 
used  by  the  bureau  for  magnetic  testing. 
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I.  INTRODUCTION 

The  work  of  the  Bureau  of  Standards  in  magnetic  testing  may 
be  considered  under  three  heads — (a)  investigation  and  develop- 
ment of  testing  methods,  (6)  standardization  of  testing  apparatus, 
and  (c)  magnetic  testing  of  materials. 

In  view  of  the  rapidly  increasing  amount  of  magnetic  testing  that 
is  being  done,  particularly  by  commercial  laboratories,  it  is  very 
important  that  reliable  information  should  be  available  as  to  the 
accuracy  and  suitability  of  various  methods  for  definite  purposes. 
There  is  no  universal  method  which  is  applicable  for  all  purposes, 
each  of  the  methods  in  present  use  having  its  own  peculiar  limita- 
tions as  to  form  of  specimen,  range  of  measurements,  or  properties 
of  the  material  to  be  tested.  In  this  phase  of  the  work,  therefore, 
it  is  the  aim  to  determine  the  possibilities  and  limitations  of  existing 
methods  and  to  develop  new  ones  as  need  arises. 

In  the  field  of  standardization,  the  work  consists  in  the  selection 
and  preparation  of  suitable  test  specimens  which,  when  their  mag- 
netic properties  have  been  accurately  determined,  are  used  as  mag- 
netic standards  for  the  calibration  of  testing  apparatus.  The  proper 
selection  and  preparation  of  such  standards  is  very  important  be- 
cause errors  of  considerable  magnitude  can  often  be  attributed  to 
irregularities  in  the  specimens  rather  than  to  errors  inherent  in  the 
testing  apparatus.  It  is  obvious  that,  in  such  cases,  erroneous  con- 
clusions may  be  arrived  at  as  to  the  accuracy  of  a  particular  instru- 
ment or  method. 

A  considerable  amount  of  magnetic  testing  of  a  more  or  less 
routine  nature  is  done  in  the  course  of  investigations  on  the  magnetic 
properties  of  materials  and  for  outside  parties  requesting  such  tests. 
In  the  latter  case,  a  reasonable  fee  is  charged.  The  work  for  outside 
parties  is  limited,  in  general,  to  tests  for  the  purpose  of  checking 
the  accuracy  of  testing  apparatus  or  for  the  settling  of  disputes 
arising  from  lack  of  agreement  between  different  laboratories. 
Routine  acceptance  tests  which  can  be  made  by  commercial  testing 
laboratories  of  good  standing  are  not  made  by  the  bureau  except  for 
special  reasons. 

IL  MAGNETIC  QUANTITIES  AND  UNITS 

The  quantities  most  commonly  used  in  magnetic  testing  are  mag- 
netomotive force,  magnetic  flux,  magnetic  reluctance,  magnetizing 
force,  magnetic  induction  (flux  density),  magnetic  permeability,  in- 
tensity of  magnetization,  and  magnetic  susceptibility. 
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I.   MAGNETOMOTIVE  FORCE 

One  common  means  by  which  objects  may  be  magnetized  is  a 
solenoid  in  which  an  electric  current  is  flowing.  The  total  magnetiz- 
ing influence  is  expressed  in  terms  of  the  number  of  turns  of  wire 
and  the  value  of  the  current.  This  magnetizing  influence  is  called 
the  magnetomotive  force  (F)  and  the  cgs  unit  is  called  the  gilbert. 
If  N  is  the  total  number  of  turns  and  /  is  the  current  in  amperes, 
then  the  magnetomotive  force  in  gilberts  is 

F=OA  TT  N  I 

this  relationship  serves  to  define  the  gilbert. 

2.  MAGNETIC  FLUX 

When  a  substance  is  magnetized,  it  is  said  to  carry  a  magnetic 
flux  (<^).  The  cgs  unit  of  magnetic  flux  is  called  the  maxwell  and 
its  magnitude  is  such  that  when  the  flux  linked  with  a  single  turn 
of  wire  varies  at  the  rate  of  10^  maxwells  per  second,  an  electro- 
motive force  of  1  volt  is  induced  in  the  wire.  This  relationship 
serves  to  define  the  maxwell. 

3.  MAGNETIC  RELUCTANCE 

The  value  of  magnetic  flux  resulting  from  the  influence  of  a 
given  magnetomotive  force  is  limited  or  determined  by  the  magnetic 
reluctance  (R)  of  the  magnetic  circuit.  The  cgs  unit  of  magnetic 
reluctance  is  called  the  oersted.  The  relationship  is  expressed  by 
the  so-called  Ohm's  law  of  the  magnetic  circuit  as  follows: 

.     F  „      gilberts 

<t>=nOV  maxwells  =  ^^ — t—t- 
^     R  oei"steds 

This  relationship  serves  to  define  the  oersted. 

4.  MAGNETIZING  FORCE 

The  intensity  of  the  magnetizing  influence  in  any  given  part  of  a 
magnetic  circuit  is  called  the  magnetizing  force  (H).  The  mag- 
netizing force  thus  defined  is  of  the  nature  of  a  potential  gradient. 
The  cgs  unit  of  magnetizing  force  is  the  gilbert  per  centimeter.  At 
the  center  of  a  very  long  uniformly  wound  solenoid  having  n  turns 
per  centimeter  and  carrying  a  current  of  /  amperes,  the  magnetizing 
force  is 

H  =  0A7rnI 
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5.  MAGNETIC  INDUCTION 

Magnetic  induction  (B)  is  the  density  of  the  magnetic  flux  across 
a  section  normal  to  the  direction  of  the  flux.  Across  any  section  in 
which  the  flux  is  uniformly  distributed,  the  magnetic  induction  in 
cgs  units  is 

where  S  is  the  area  of  the  section  in  square  centimeters.  The  cgs  imit 
of  magnetic  induction  is  called  the  gauss,  and  is  defined  from  this 
relation. 

6.  MAGNETIC  PERMEABILITY 

The  ratio  of  magnetic  induction  to  the  corresponding  magnetizing 
force  for  any  substance  is  called  the  magnetic  permeability  (fi). 

B  ,  .,..  gausses 

M  =  ^  or  permeftbihty=p^^^-p^,,^ 

7.  INTENSITY  OF  MAGNETIZATION 

The  degree  of  magnetization  of  a  substance  is  sometimes  expressed 
as  the  intensity  of  magnetization  (/).  No  name  has  been  assigned 
to  the  unit  for  this  quantity.  Its  relation  to  magnetic  induction  is 
indicated  by  the  formula 

j_B-H 

This  unit  is  mainly  used  in  expressing  magnetic  conditions  of  feebly 
magnetic  substances. 

8.  MAGNETIC  SUSCEPTIBILITY 

The  ratio  of  the  intensity  of  magnetization  to  the  magnetizing 
force  is  called  the  magnetic  susceptibility  (k) 

J 

The  magnetic  properties  of  feebly  magnetic  substances  are  gener- 
ally expressed  in  terms  of  susceptibility  rather  tlian  permeability. 

III.  MAGNETIC  CHARACTERISTICS  OF  MATERIALS 

I.  CLASSIFICATION  OF  MATERIALS 

Materials  are  classified  with  respect  to  their  magnetic  properties 
as  either  ferromagnetic,  paramagnetic,  or  diamagnetic.  Ferromag- 
netic materials  have  a  magnetic  permeability  greater  than   1  and 
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very  large;  paramagnetic  materials  have  a  magnetic  permeability 
slightly  gi-eater  than  1;  and  diamagnetic  materials  have  a  magnetic 
permeability  less  than  1.  The  magnetic  susceptibility  of  diamagnetic 
substances  is  negative.  Ferromagnetic  materials  exhibit  the  phenom- 
enon of  magnetic  hysteresis,  which  will  be  discussed  later,  and  the 
magnetic  permeability  is  variable,  depending  upon  the  degree  of 
magnetization  and  previous  treatment.  The  susceptibility  of  para- 
magnetic and  diamagnetic  substances  is  constant  and  they  do  not 


t^aqnetizing    Force 

Fig.  1. — Typical  curve  of  magnetic  induction 

have  magnetic  hysteresis.     Ferromagnetic  materials  are  by  far  the 
most  important  from  the  industrial  point  of  view. 

a.  INDUCTION 

The  magnetic  properties  of  ferromagnetic  materials  are  com- 
monly expressed  in  terms  of  corresponding  values  of  magnetic  in- 
duction (B)  and  magnetizing  force  (H)  or  quantities  derived  from 
them.  A  typical  magnetization  curve  is  shown  in  Figure  1.  It  is 
to  be  noted  that  the  induction  is  not  directly  proportional  to  the 
magnetizing  force.    In  other  words,  the  magnetic  permeabilit"  -^^^^ 
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not  have  a  single  value,  but  depends  upon  the  degree  of  magnetiza- 
tion. As  stated  above,  this  is  characteristic  of  ferromagnetic  sub- 
stances. As  the  magnetizing  force  is  increased  from  a  zero  value, 
the  magnetization  proceeds  in  three  more  or  less  distinct  stages.  In 
the  first  stage,  the  induction  increases  at  a  relatively  slow  rate  with 
increase  of  magnetizing  force.  In  the  second  stage,  the  rate  of 
increase  is  much  greater,  while  in  the  third  stage  the  induction 
increases  at  a  continually  decreasing  rate.     The  limits  of  the  three 

stages  are  more  or 
less  definite  accord- 
ing to  the  nature  of 
the  material. 

3.  HYSTERESIS 

The  phenomenon 
of  magnetic  hystere- 
sis is  illustrated  in 
Figure  2.  If  the 
magnetizing  force  is 
reduced  from  some 
maximum  value,  the 
induction  does  not 
follow  the  magneti- 
zation curve  in  re- 
verse order,  but  de- 
creases in  the  man- 
ner indicated  by  the 
curve.  When  the 
magnetizing  force 
has  been  reduced  to 
a  zero  value,  a  cer- 
tain value  of  induc- 
duction  remains. 
This  is  called  the 
residual  induction 
(Br)'  In  order  to  reduce  the  induction  still  further,  it  is  necessary 
to  apply  a  magnetizing  force  in  the  reverse  direction.  The  value  of 
reversed  magnetizing  force  necessary  to  bring  the  induction  to  zero 
is  called  the  coercive  force  (H,).  After  the  magnetizing  force 
has  been  carried  from  a  certain  maximum  value  in  one  direction  to 
an  equal  value  in  the  opposite  direction  a  sufficient  number  of  times, 
the  induction  cycle  becomes  a  closed  loop,  as  indicated  in  the  figure. 
This  loop  is  called  a  hysteresis  loop,  and  its  area  is  proportional  to 
the  energy  expended  in  carrying  the  material  through  a  complete 
cycle  of  magnetization. 


Fig.  2. — Typical  matjuctic  hystereMs  loop 
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4.  NORMAL  INDUCTION 

The  induction  resulting  from  the  application  of  a  magnetizing  force 
of  a  given  value  depends  upon  the  previous  magnetic  condition  of 
the  specimen  and  upon  the  mode  of  approach  to  the  given  magnetiz- 
ing force;  that  is,  the  magnetization  curve  obtained  depends  upon  the 
initial  magnetic  condition  of  the  material  and  the  manner  in  which 
the  test  is  made.  In  order  to  obtain  consistent  and  reproducible 
results,  therefore,  it  is  necessary  to  follow  a  definite  procedure  in 
making  the  tests.  The  effect  of  previous  magnetic  history,  or  mag- 
netic memory  as  it  might  be  termed,  can  be  removed  by  demagnetiza- 
tion. This  is  accomplished  by  subjecting  the  specimen  to  a  succession 
of  reversals  of  magnetizing  force  gradually  decreasing  from  a  certain 
maximum  value  to  one  somewhat  lower  than  the  lowest  at  which  a 
determination  is  to  be  made.  Experiment  has  shown  (1)  ^  that  demag- 
netization should  be  started  from  an  initial  value  of  magnetizing 
force  well  above  that  corresponding  to  maximum  permeability,  but 
not  necessarily  from  a  magnetizing  force  higher  than  any  previously 
experienced  by  the  specimen.  After  demagnetization,  points  on  the 
induction  curve  are  obtained  by  observing  the  induction  resulting 
from  the  application  of  a  given  magnetizing  force  after  a  sufficient 
number  of  reversals  to  bring  the  material  to  a  cyclic  condition,  thus 
closing  up  the  hysteresis  loop.  After  a  determination  has  been  made, 
further  measurements  can  be  made  at  higher  values  of  magnetizing 
force  without  demagnetizing  again,  but  if  a  lower  point  is  desired, 
the  demagnetization  process  must  be  repeated.  Values  of  induction 
obtained  in  this  manner  are  called  "  normal  induction  "  and  are  repro- 
ducible for  a  given  specimen  within  the  limits  of  experimental  error. 
The  normal  induction  curve  is  the  locus  of  the  tips  of  a  succession  of 
hysteresis  loops  as  illustrated  in  Figure  3. 

5.  NORMAL  HYSTERESIS 

TVhen  points  on  a  normal  hysteresis  loop  are  to  be  determined, 
cyclic  condition  is  first  obtained  by  a  number  of  reversals  of  the 
magnetizing  force  t*orresponding  to  the  desired  tip,  and  the  induction 
is  noted  when  the  magnetizing  force  is  reduced  to  some  lower  value 
either  in  the  same  or  opposite  direction.  Before  each  determination 
the  material  is  brought  back  to  a  cyclic  condition  by  reversals  of  the 
maximum  magnetizing  force.  This  procedure  differs  somewhat 
from  the  "step-by-step"  method,  but  has  the  advantage  of  giving 
more  consistent  and  reliable  results. 

*Tho  numbers  In  parentheses  here  and  throughout  the  text  refer  to  the  references 
contained  in  the  last  section  of  the  circular. 

10614''--2G 2 
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6.  CORE  LOSS 


When  materials  are  subjected  to  alternating  magnetic  fields,  as 
in  the  cores  of  transformers,  a  certain  amount  of  energy  is  ex- 
pended which  can  not  be  recovered  but  is  dissipated  in  the  form  of 
heat.  This  loss  of  energy  is  called  core  loss.  Core  loss  is  made  up 
of  two  components,  hysteresis  and  eddy  currents.  The  hysteresis 
loss  depends  upon  the  area  of  the  hysteresis  loop  of  the  material  and 
the  frequency  of  alternations.  The  eddy  currents  are  induced  in  the 
core  by  the  varying  magnetic  flux  and  depend  not  only  upon  the 


Fig.  3. — ^houiny  that  the  curve  of  normal  induction  is  the  locus  of  the 
tips  of  a  family  of  hysteresis  loops 

frequency  and  maximum  induction  but  also  upon  the  electrical  re- 
sistivity of  the  material,  the  thickness  of  the  laminations,  and  the 
insulation  between  them. 

ly.  METHODS  OF  MEASUREMENT 

I.  NORMAL  INDUCTION  AND   HYSTERESIS 

There  are  several  different  methods  by  which  measurements  of 
normal  induction  and  hysteresis  are  ordinarily  made.  These  meth- 
ods may  be  classified  in  terms  of  the  manner  in  which  the  magnetic 
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induction  is  determined  as   (a)   magnetometric,    (6)   traction,    (c) 
air  gap,  and  {d)  ballistic. 

In  the  magnetometric  method  the  induction  is  measured  in  terms 
of  the  deflection  of  a  suspended  magnetic  needle  placed  in  a  definite 
position  with  respect  to  the  test  sample.  This  method  is  esi:)ecially 
suitable  for  observing  slow  changes  in  induction  such,  for  instance, 
as  occur  when  a  specimen  is  heated  or  cooled.  It  has  been  described 
by  Ewing  (2)  and  by  Gray  and  Ross  (3)  who  used  the  method  for 
determining  the  thermomagnetic  properties  of  various  materials. 
The  magnetometer  is  a  very  delicate  instrument  and  is  sensitive  to 
variations  in  the  earth's  magnetic  field.  It  is  not,  therefore,  to  be 
recommended  for  general  magnetic  testing. 

In  the  traction  methods  the  induction  is  estimated  in  terms  of 
the  mechanical  force  of  attraction  between  the  surfaces  of  two  mag- 
netized bodies,  one  of  which  is  the  specimen  under  test.  The  Du 
Bois  (4)  balance  is  perhaps  the  best  known  of  this  type  of  perme- 
ameter.  Traction  permeameters  require  rather  careful  machining  of 
the  specimens  and  do  not  yield  results  of  high  accuracy.  They  are 
not  in  general  use  in  the  United  States. 

In  the  air-gap  method  the  magnetic  circuit  is  closed,  except  for  a 
transverse  air  gap  in  which  some  measuring  device,  such  as  a  de- 
flecting coil,  a  rotating  armature,  or  a  bismuth  spiral,  is  located.  Per- 
haps the  best  known  of  this  type  of  instrument  is  the  Koepsel  per- 
meameter  (5).  This  apparatus  is  very  simple  and  convenient  to 
op)erate,  but  is  subject  to  rather  large  and  uncertain  errors,  depending 
upon  the  type  of  materials  imder  test. 

The  ballistic  method  is  so  called  because  it  employs  a  ballistic 
galvanometer  (or  fluxmeter)  for  the  determination  of  the  value  of 
magnetic  induction.  The  ballistic  method  is  used  for  the  greater  part 
of  the  magnetic  testing  done  at  the  Bureau  of  Standards. 

The  ballistic  method  is  applied  in  the  following  forms:  {a)  The 
Rowland  ring,  (&)  the  Burrows  permeameter,  (c)  the  straight  sole- 
noid, (d)  the  Fahy  Simplex  permeameter,  (e)  the  magnetic  com- 
parator, and  (/)  a  modification  of  the  isthmus  method. 

(a)  The  Rowxand  Ring. — The  magnetic  circuit  used  in  this 
method  consists  of  an  annular  ring  cut  from  the  material  to  be  tested. 
A  diagram  of  connections  is  given  in  Figure  4.  The  magnetizing 
winding  is  uniformly  distributed  around  the  ring  and  the  mag- 
netizing force  is  calculated  from  the  formula : 

jj    OAtNI 

in  which 

i\^zr:total  number  of  turns, 
/=current  in  amperes, 
Z=mean  circumference  of  the  rin<r  in  cm. 
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On  account  of  the  difference  in  concentration  of  the  winding  over 
the  inner  and  outer  part  of  the  ring,  the  magnetizing  force  varies 
over  the  cross  section  causing  an  error  in  the  result  which  depends 
upon  the  ratio  of  the  mean  diameter  to  the  radial  width  of  the 
ring  (6).  If  this  ratio  is  greater  than  10,  however,  the  error  can 
usually  be  neglected. 

The  magnetic  induction  is  determined  in  terms  of  the  deflection 
of  a  ballistic  galvanometer  connected  to  a  suitable  test  coil  wound 
on  the  specimen,  preferably  under  the  magnetizing  winding.  When- 
ever there  is  a  change  in  the  flux  linked  with  this  test  coil,  an  elec- 
tromotive force  is  induced,  and  a  certain  quantity  of  electricity 
flows  in  the  galvanometer  circuit.  The  quantity  of  electricity  is 
proportional  to  the  change  in  flux.  If  the  flux  is  reversed  in  direc- 
tion by  reversing  the  magnetizing  current,  the  galvanometer  deflec- 
tion will  be  proportional  to  twice  the  flux. 

The  galvanometer  is  calibrated  by  means  of  a  standard  mutual 
inductance,  the  secondary  of  which   is  permanently  connected   in 


j:^ 


^  c 


Fig.  4. — Connections  for  the  ring  method 

series  with  the  test  coil.  It  is  usually  convenient  to  adjust  the  sen- 
sitivity of  the  galvanometer  by  means  of  suitable  series  and  parallel 
resistances  so  that  the  scale  is  direct  reading  in  terms  of  maffnetic 
induction.  It  is  customary  to  make  1  cm  deflection  correspond  to 
the  reversal  of  an  induction  of  1.000  gausses.  The  calibrating  cur- 
rent to  be  reversed  in  the  primary  of  the  mutual  inductance  depends 
upon  the  value  of  the  mutual  inductance,  the  number  of  turns  in  the 
test  coil,  and  the  cross  section  of  the  specimen,  and  is  calculated  from 
the  followin*?  formula : 


/c  = 


BAN 

Mx  W 


in  which 

/c=calibrating  current  in  amperes, 
5i=induction  in  gausses, 
J.=cross-sectional  area  in  cm", 
iTnrnumber  of  turns  in  the  test  coil, 
il/=mutual  inductance  in  henrvs. 
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It  is  often  convenient  to  use  100  turns  in  the  test  coil  and  to 
adjust  the  sensitivity  of  the  galvanometer  so  as  to  have  a  deflection 
of  10  cm  for  a  reversal  of  10,000  gausses.  When  points  on  the  hys- 
teresis loop  are  to  be  determined,  an  auxiliary  series  resistance  is 
suddenly  inserted  in  the  magnetizing  circuit.  In  this  case,  care  must 
be  taken  to  remember  that,  since  the  galvanometer  is  calibrated  for 
reversal  of  the  induction,  the  readings  must  be  multiplied  by  2. 

(6)  The  Burrows  Permeameter. — It  is  generally  more  convenient 
to  prepare  samples  in  the  form  of  straight  bars  of  moderate  length 
and  uniform  cross  section  than  to  prepare  ring  specimens.  There 
are  a  number  of  testing  methods  adapted  to  samples  of  this  form, 
but  the  most  accurate  one  for  samples  of  uniform  permeability  along 
their  length  and  having  a  maximum  permeability,  not  exceeding 
5.000,  is  the  compensated  double  yoke  method  of  Burrows  (7).  In 
this  method  auxiliary  compensating  coils  are  used  to  provide  the 
extra  magnetomotive  force  required  for  the  yoke  and  joints  in  the 


Fig.  5. — Magnetic  circuit  of  the  Burrows  permeameter  showing  the  relative 
positions  of  the  magnetizing  and  test  coils 

magnetic  circuit,  and  the  current  in  them  is  adjusted  so  as  to  pro- 
duce a  uniform  induction  in  the  bar  under  test. 

Figure  5  shows  the  magnetic  circuit  of  the  Burrows  permeameter 
and  the  relative  positions  of  the  magnetizing  and  test  coils.  The 
test  rod  and  its  auxiliary,  which  should  be  of  the  same  size  and 
material,  are  joined  at  the  ends  by  soft-iron  yokes  which  make 
good  magnetic  joints  and  complete  the  magnetic  circuit.  The  mag- 
netizing coils  T  and  A  are  located  over  the  test  rod  and  auxiliary, 
respectively.  Coil  J  is  in  four  sections,  connected  in  series,  and 
located  over  the  ends  of  the  rods  as  near  to  the  joints  as  possible. 
In  opemtion,  the  currents  in  these  three  windings  are  so  adjusted 
before  each  reading  that  there  is  equal  flux  in  the  two  rods,  and  no 
leakage  from  the  greater  part  of  the  test  rod.  ^AHien  this  condi- 
tion is  realized  the  value  of  the  applied  magnetizing  force  can  be 
calculated  from  the  current  and  number  of  turns  per  centimeter 
in  the  solenoid  surrounding  the  test  rod.     For  testing  the  compen- 
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sation  and  determining  the  value  of  the  induction  when  the  com- 
pensation is  properly  adjusted  there  are  three  test  coils  designated 
as  t^  a,  and  ;,  respectively.  These  coils  are  each  of  the  same  num- 
ber of  turns  and  are  distributed  as  shown  in  the  figure ;  t  is  wound 
over  the  middle  of  the  test  bar,  a  over  the  middle  of  the  auxiliary 
bar,  and  j  is  wound  half  over  one  end  and  half  over  the  other  end 
of  the  test  bar  far  enough  away  from  the  yokes  and  joints  to  avoid 
disturbances  from  these  causes.  AMien,  upon  reversal  of  the  cur- 
rent in  the  magnetizing  windings,  there  is  no  residual  deflection 
in  the  ballistic  galvanometer  whether  connected  to  t  and  a  or  to 


5T  ar^A'W  5J  ^M 

Fig.  6. — ComvccUona  for  the  Burrows  permeametcr 

t  and  j  in  series  opposition,  the  magnetizing  currents  are  properly 
adjusted.  Under  these  conditions  the  induction  is  measured  in  terms 
of  the  deflection  of  the  ballistic  galvanometer  connected  to  t  alone, 
and  the  magnetizing  force  is  proportional  to  the  current  in  the 
winding  T.  As  usually  constructed,  the  magnetizing  coil  is  so 
wound  that  the  magnetizing  force  is  100  times  the  current  in  am 
peres.  A  diagram  of  connections  is  given  in  Figui^e  6.  The  switches 
ST\  Sxi\  and  SJ^  are  for  the  purpose  of  inserting  resistances  in 
the  corresponding  circuits  during  the  determination  of  points  on 
the  hysteresis  loop.     ST'  should  make  contact  on  the  forward  point 
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before  breaking  at  the  other.     The  calibration  of  the  ballistic  gal- 
vanometer is  carried  out  as  indicated  for  the  ring  method. 

A  correction  most  be  made  to  the  observed  value  of  induction. 
This  correction,  which  is  necessary  because  of  the  flux  in  the  space 
between  the  specimen  and  the  test  coil,  must  be  applied  for  all  ballis- 
tic methods.  The  amount  to  be  subtracted  from  the  observed  value 
of  induction  is  proportional  to  the  magnetizing  force  and  depends 


Fig.  7. — liurroicff  permeanteter  and  acvataory  apparatus 

upon  the  relative  areas  of  the  test  coil  and  specimen.     It  is  equal 
to  kH  where 

'A 


'=   A 
a— area  of  test  coil, 
^4=:area  of  specimen. 

Figure  7  shows  the  complete  set-up  for  tlie  Burrows  permeameter. 
The  Burrows  permeameter  is  an  absohite  instrument  in  that  its 
con<^tants  can  be  derived  from  measurements  of  its  dimensions,  and 
therefore  is  suitable  for  standardization  work  under  proper  condi- 
tions. It  is.  however,  extremely  sensitive  to  the  influence  of  varia- 
tions in  permeability  along  the   length    of    the  specimen,  and  the 
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results  obtained  on  inhomogeneous  materials  should  be  interpreted 
with  this  fact  in  mind. 

(c)  The  Straight  SoLENom. — Sometimes  it  is  more  convenient 
to  make  measurements  on  a  single  straight  bar  than  to  prepare  a 
ring  or  use  the  Burrows  permeameter.  It  is  difficult  to  obtain  accu- 
rate results  with  this  method  because  the  magnetization  of  the  speci- 
men is  not  uniform  and  the  free  poles  give  rise  to  a  self-demagnetiz- 
ing effect.  Uniform  magnetization  can  be  obtained  by  making  the 
sample  in  the  form  of  an  ellipsoid  of  revolution,  for  which  also  the 
demagnetizing  coefficient  can  be  calculated.  This  form  of  specimen 
is  not  often  used,  however,  and  the  demagnetizing  effect  for  straight 
cylinders  must  be  experimentally  determined.  The  amount  to  be 
deducted  from  the  value  of  the  applied  magnetizing  force  depends 
upon  the  ratio  of  length  to  diameter  of  the  specimen  and  the  inten- 
sity of  magnetization.  It  has  also  been  found  that  the  demagnetizing 
coefficient  is  influenced  by  the  absolute  dimensions  of  the  sample 
as  well.  The  safest  way  is  to  determine  the  coefficient  for  a  speci- 
men of  the  same  dimensions  as  the  test  sample  and  of  approximately 
the  same  magnetic  quality,  although  values  are  given  in  the  Smith- 
sonian Physical  Tables  and  other  tables  of  physical  constants. 

If  the  ratio  of  length  to  diameter  is  very  large  (200  or  more),  the 
demagnetizing  effect  of  the  ends  can  generally  be  neglected. 

The  procedure  for  making  the  test  with  a  straight  solenoid  is  sub- 
stantially the  same  as  for  the  ring  test  previously  described.  The 
correction  for  air  flux  is  made  as  in  the  Burrows  method. 

(d)  The  Fahy  Simplex  Permeameter. — This  permeameter  (fig. 
8)  operates  on  a  somewhat  different  principle  (8)  than  the  Burrows 
permeameter  and  requires  but  a  single  specimen.  The  magnetizing 
force  is  applied  by  means  of  an  electromagnet,  across  the  poles  of 
which  the  specimen  is  clamped.  A  uniformly  wound  test  coil  ex- 
tends over  the  whole  length  of  the  specimen.  A  ballistic  galvanom- 
eter connected  to  this  test  coil  indicates  the  induction  in  the  speci- 
men when  the  magnetizing  current  is  reversed. 

The  magnetizing  force  is  measured  by  means  of  a  test  coil  uni- 
formly wound  on  a  nonmagnetic  form  and  extending  between  two 
iron  blocks  which  are  clamped  to  the  ends  of  the  specimen.  The  de- 
flection of  a  ballistic  galvanometer  connected  to  such  a  coil  when  the 
magnetizing  force  is  changed  in  value  is  proportional  to  the  change 
in  magnetic  potential  between  the  ends  of  the  coil.  The  function  of 
the  iron  blocks  is  in  effect  to  transfer  the  ends  of  the  test  coil  to  the 
ends  of  the  specimen.  Wlien  the  magnetic  circuit  is  properl}'  con- 
structed of  suitable  materials,  this  method  is  capable  of  giving  very 
satisfactory  results.  It  does  not  require  an  auxiliary  specimen  and 
no  compensation  is  necessary.     It  is  also  less  sensitive  than  the  Bur- 
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rows  permea  meter  to  the  effect  of  magnetic  inhomo^eneity  along  the 
length  of  the  specimen.  The  galvanometer  is  calibrated  by  means  of 
a  standard  mutual  inductance  as  in  the  methods  previously  described 


3 


I 


and  the  usual  correction  for  air  flux  linked  with  the  test  coil  but  not 
in  the  specimen  is  applied. 

By  the  use  of  an  adapter  for  hi^h  uia<rnetization,  also  shown  in 
the  photograph,  the  range  of  this  permeameter  may  be  extended  up 
to  magnetizing   forces   of   1,000  gilberts   per   centimeter   or   more. 
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according  to  conditions.  By  means  of  the  adapter  the  eflfective 
len^h  of  the  specimen  is  shortened  and  a  special  test  coil  with 
iron  end  pieces  is  clamped  on  to  the  sample  for  the  determination 
of  the  magnetizing  force.  The  principle  and  procedure  are  the  same 
as  for  the  regular  method. 

(e)  The  Magnetic  Comparator. — It  sometimes  happens  that 
measurements  are  to  be  made  on  materials  of  which  only  a  small 
quantity  is  available.  The  ordinary  methods  of  direct  measurement 
are  not  satisfactory  for  this  purpose.  A  magnetic  comparator,  shown 
in  Figure  9,  has  been  devised  for  measurements  on  small  samples  (0). 
It  consists  of  an  electromagnet  having  holes  6  mm  in  diameter  so 
located  in  its  pole  pieces  that  the  sample  under  test  and  a  reference 
bar  can  be  clamped  so  a«  to  be  parallel  to  each  other  and  about  12 
mm  apart.  Test  coils  mounted  on  brass  forms  encircle  each  bar. 
With  this  arrangement,  if  there  were  no  magnetic  leakage,  an  equal 
magnetomotive  force  would  be  impressed  on  each  bar.  As  a  matter 
of  fact,  however,  thei*e  is  magnetic  leakage  and  the  magnetizing 
forces  are  not  exactly  equal  on  the  two  bars.  In  order  to  take  this 
inequality  into  account,  the  apparatus  is  calibrated  by  using  a  stand- 
ard having  properties  as  near  as  possible  like  those  of  the  sample 
to  be  tested.  Corresponding  values  of  induction  in  the  reference 
bar  and  the  standard,  together  with  the  magnetization  curve  for  the 
standard,  furnish  the  data  for  determining  the  magnetizing  force  in 
terms  of  the  induction  in  the  reference  bar.  The  test  specimen  is 
then  inserted  in  place  of  the  standard  and  another  set  of  correspond- 
ing values  of  induction  observed.  From  these  values,  together  with 
the  previous  calibration  of  the  reference  bar,  the  normal  induction 
curve  for  the  test  specimen  can  1^  obtained.  The  accuracy  obtainable 
with  this  method  depends  primarily  upon  the  degree  of  similarity 
between  the  specimen  and  the  standard  used  for  calibration.  This 
apparatus  has  proven  to  be  very  satisfactory,  especially  in  testing 
pure  alloys  and  other  materials  of  which  only  small  quantities  could 
readily  be  prepared.  Measurements  have  been  made  up  to  500  gil- 
berts per  centimeter  with  this  method  with  good  results. 

(/)  The  Modified  Isthmus  Method. — None  of  the  methods  de- 
scribed above,  with  the  possible  exception  of  the  Fahy  Simplex  per- 
meameter  using  the  high-magnetization  adapter,  are  suitable  for 
measurements  with  very  intense  magnetizing  fields,  the  range  being 
limited  by  the  heating  of  the  magnetizing  coils.  For  measurements 
above  100  gilberts  per  centimeter,  a  modification  of  the  classical 
isthmus  method  of  Ewing  (2)  has  been  developed  (10).  (Fig.  10.) 
The  sample  used  in  this  method  consists  of  a  cylindrical  bar  G  mm 
in  diameter  and  at  least  5  cm  long. 

The  poles  of  an  electromagnet  of  the  Du  Bois  type  are  pierced 
coaxially  so  that  the  sample  can  be  extended  through  them.     The 
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gap  between  the  pole  pieces  is  2  cm  long.  Surrounding  the  speci- 
men are  two  coaxial  and  coextensive  test  coils  each  having  the  same 
niunber  of  turns.  The  inner  coil  is  of  as  small  a  diameter  as  possible 
(about  7  mm)  while  the  outer  coil  has  a  diameter  of  approximately 
12.5  mm. 


a! 


Normal  induction  measurements  are  made  upon  reversal  of  the 
magnetizing  current.  ^Mien  the  galvanometer  is  connected  to  the 
inner  coil  alone,  the  deflection  on  reversal  is  proportional  to  the  in- 
duction in  the  specimen.  When  the  galvanometer  is  connected  to 
the  two  coils  in  series  opposition,  the  deflection  upon  reversal  is  pro- 
portional to  the  magnetizing  force.  The  length  of  the  gap  and  the 
diameter  of  the  outer  test  coil  are  so  proportioned  that  the  magnetiz- 
ing field  is  uniform  throughout  the  area  between  the  two  test  coils. 
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Special  switching  arrangements  (11)  permit  of  the  determination 
of  points  on  the  hysteresis  loop.  With  this  apparatus,  measurements 
can  be  made  in  the  range  of  magnetizing  force  from  100  to  approxi- 
mately 3,000  gilberts  per  centimeter. 

2.  CORE  LOSS 

For  the  measurement  of  core  loss  two  methods  are  used — the 
Epstein  method  as  specified  by  the  American  Society  for  Testing 
Materials  and  the  Lloyd  method  developed  at  the  bureau.  The  core 
loss  apparatus  used  at  the  bureau  is  shown  in  Figure  11. 

(a)  The  A.  S.  T.  M.  Method. — This  method  is  the  most  com- 
monly used  one,  especially  for  routine  acceptance  tests.  It  requires 
10  kg  (22  pounds)  of  material  cut  into  strips  50  cm  (19|J  inches) 
long  and  3  cm  (If^  inches)  wide.  In  order  to  take  account  of  the 
difference  in  loss  according  to  the  direction  of  magnetization,  half 
of  the  strips  are  cut  parallel  and  half  at  right  angles  to  the  direction 
of  rolling.  The  strips  are  made  up  into  four  equal  bundles  and 
inserted  in  four  solenoids  so  as  to  form  a  square  with  butt  joints. 
The  bundles  are  so  arranged  that  opposite  sides  of  the  square  consist 
of  material  cut  in  the  same  manner.  The  strips  are  held  in  place 
at  the  corners  by  suitable  clamps. 

The  solenoids  have  two  windings,  primary  and  secondary.  An 
electromotive  force  of  approximately  sinusoidal  wave  form  is  ap- 
plied to  the  primary  winding  and  a  voltmeter  and  the  potential  coil 
of  a  wattmeter  are  connected  to  the  secondary  winding.  The  watt- 
meter should  be  especially  designed  for  low-power  factors.  The 
impressed  voltage  is  adjusted,  preferably  by  means  of  a  suitable 
autotransformer,  until  the  voltage  of  the  secondary  is  that  given  by 
the  equation : 


E= 


\fNnBM 


in  which 

fz=ziQxvci  factor  of  primary  emf=l.ll  for  sine  wave, 
iV= number  of  secondary  turns, 
71=  frequency  in  cycles  per  second, 
5=maximum  induction  in  gausses, 
i^=  total  mass  in  grams, 
Z=  length  of  strips  in  centimeters, 
Z>=specific  gravity. 
In  the  standard  test  the  frequency  is  60  cycles  per  second,  the 
maximum  induction  is  10,000  gausses,  the  mass  is  10,000  grams,  and 
the  length  of  strips  is  50  cm.    The  specific  gravity  is  either  measured 
or  assumed.     It  is  customary  to  assume  a  specific  gravity  of  7.5 
for  high-resistance  steel  and  7.7  for  low-resistance  steel. 
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When  the  voltage  and  frequency  have  been  properly  adjusted,  the 
wattmeter  gives  the  power  consumed  in  the  steel  and  the  secondary 
circuit.    The  loss  in  the  secondary  circuit  can  be  calculated  in  terms 


T 


2 


of  the  voltage  and  resistance.  Subtracting  this  correction  from  the 
total  power  gives  the  net  power  consumed  in  the  steel  as  hysteresis 
and  eddy-current  loss.  Dividing  this  value  by  10  gives  the  core  loss 
in  watts  per  kilogram. 
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When  tests  are  made  under  other  than  the  standard  conditions, 
especially  if  the  maximum  induction  is  carried  much  above  10,000 
gausses,  the  possibility  of  distortion  of  the  wave  form  must  be  taken 
into  consideration  as  well  as  additional  uncertainties  from  other 

sources. 

(6)  The  Lijoyd  Method. — Errors  in  the  A.  S.  T.  M.  method  are 
largely  due  to  nonuniformity  of  flux  distribution  which  results 
from  the  relatively  poor  magnetic  joints  at  the  comers.  The  Lloyd 
method  is  designed  (13)  to  overcome  this  difficulty,  in  so  far  as  pos- 
sible, by  improving  the  joints.  Strips  are  cut  25.4  cm  (10  inches) 
long  and  5.1  cm  (2  inches)  wide  and  formed  into  a  square  with  the 
strips  placed  on  edge.  Ten  or  twelve  strips  are  used  for  each  side 
of  the  square,  according  to  the  thickness  of  the  material.  The  joints 
are  improved  by  the  insertion  of  right-angled  comer  pieces  of  the 
same  or  similar  material.  The  corners  are  then  secured  with  special 
clamps  so  designed  as  to  avoid  eddy  currents  in  the  clamps. 

With  this  form  of  magnetic  circuit,  which  takes  from  1.5  kg 
(3.3  pounds)  to  2  kg  (4.4  pounds),  the  flux  distribution  is  greatly 
improved,  so  that  it  is  possible  to  make  satisfactory  separations  of 
hysteresis  and  eddy-current  losses  by  testing  at  two  frequencies. 

The  Lloyd  test  is  not  used  to  any  extent  for  general  testing  on 
account  of  the  extra  complication  incident  to  the  use  of  the  corner 
pieces  for  which  corrections  must  be  made  and  the  necessity  for 
rather  sensitive  instruments,  but  is  very  valuable  in  special  cases 
where  rather  complete  and  detailed  data  are  required  for  a  particu- 
lar sample  of  material,  or  where  data  are  required  at  higher  values  of 
maximum  induction  than  10,000  gausses.  It  is  possible,  for  instance, 
to  carry  the  induction  up  to  about  14,000  gausses  before  serious  wave 
distortion  is  produced. 

3.  susceptibility 

Measurements  of  the  susceptibility  of  feebly  magnetic  substances 
are  made  chiefly  to  determine  whether  or  not  the  materials  are  suit- 
able for  use  in  the  construction  of  instruments  and  various  other 
apparatus  in  which  the  use  of  magnetic  materials  is  objectionable. 

For  measurements  of  extreme  precision  the  Curie  balance  (14)  or 
some  modification  thereof  is  necessary,  but  for  most  purposes  a 
ballistic  method,  which,  although  less  sensitive,  is  much  more  con- 
venient to  operate  and  is  entirely  adequate.  In  the  ballistic  test  a 
straight  solenoid  is  used  having  a  test  coil  of  several  hundred  turns 
mounted  within  it,  and  in  which  the  specimen  can  be  inserted.  On 
account  of  the  very  low  value  of  magnetization  in  the  specimen,  the 
self-demagnetizing  effect  is  so  small  that  it  can  be  nejT:lected.  A 
variable   mutual   inductance   is   used,   with   its   primary   connected 
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in  series  with  the  ma«rnetizinf^  solenoid  and  its  secondary  in  series 
opposition  with  the  test  coil.  This  mutual  inductance  is  so  adjusted 
as  to  balance  the  mutual  inductance  between  the  solenoid  and  test 
coil.  This  adjustment  is  made  with  no  specimen  in  the  test  coil,  so 
that  there  is  no  deflection  of  the  ballistic  galvanometer  when  the 
primary  current  is  reversed.  The  galvanometer  can  then  be  used 
at  its  maximum  sensitivity.  ^Yhen  a  specimen  is  inserted  within 
the  test  coil  and  the  magnetizing  current  is  reversed,  the  deflection 
of  the  galvanometer  is  proportional  to  the  intensity  of  magnetiza- 
tion of  the  specimen.  The  magnetizing  force  is  calculated  from  the 
current  and  the  constants  of  the  solenoid  in  the  usual  way,  and  the 
susceptibility  is  the  ratio  of  the  intensity  of  magnetization  to  the 
magnetizing  force. 

The  galvanometer  can  be  calibrated  by  means  of  the  variable 
mutual  inductance  used  for  compensating  for  the  test  coil  by  revers- 
ing a  known  current  in  its  primary  or,  preferably,  by  a  second  fixed 
standard  of  mutual  inductance  whose  secondary  is  permanently 
connected  in  the  galvanometer  circuit. 

V.  MAGNETIC  STANDAKDS 

It  is  not  possible  to  realize  any  of  the  units  of  magnetic  quantity 
in  concrete  form.  Carefully  selected  and  prepared  test  specimens 
whose  magnetic  properties  have  been  accurately  determined  are  suit- 
able for  use  in  the  intercomparison  and  standardization  of  permea- 
meters,  however,  and  it  may  be  proper,  therefore,  to  refer  to  such 
test  specimens  as  magnetic  standards. 

I.  LIMITS  OF  ACCURACY 

The  problem  of  magnetic  testing  consists  in  determining  simul- 
taneous values  of  magnetic  induction  and  magnetizing  force.  It 
is  relatively  easy  to  obtain  fairly  accurate  values  of  induction,  but 
the  accurate  determination  of  the  corresponding  magnetizing  force 
is  not  so  easy.  As  a  matter  of  fact,  it  is  only  by  the  exercise  of 
great  care  in  the  selection  of  test  specimens  and  manipulation  of 
the  testing  apparatus  that  an  accuracy  of  1  per  cent  can  be  at- 
tained. The  influence  of  the  quality  and  condition  of  the  test 
specimen  is  of  great  importance,  especially  in  the  standardization 
of  permeameters  because  inaccuracies  really  arising  from  the  condi- 
tion of  the  specimen  itself  should  not  be  charged  to  the  testing 
apparatus. 

2.  REQUIREMENTS  OF  STANDARD  SPECIMENS 

Specimens  to  be  used  as  standards  for  the  calibration  of  perme- 
ameters should  be  chosen  and  prepared  with  the  following  points  in 
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view:  {a)  Magnetic  uniformity  along  the  length,  (6)  metallurgical 
stability,  and  {c)  uniformity  of  section. 

If  the  specimen  varies  in  permeability  along  its  length,  errors 
are  introduced  in  the  measurements  which  can  not  be  calculated 
or  eliminated  by  compensation,  and  which  may  be  of  considerable 
magnitude.  It  is  not  at  all  out  of  the  question  to  have  errors  due 
to  this  cause  alone  which  amount  to  25  per  cent  or  more.  More- 
over, various  methods  are  sensitive  to  this  influence  in  varying 
degrees.  It  is  obvious,  therefore,  that  such  specimens  should  not  be 
used  for  the  intercomparison  or  standardizing  of  testing  apparatus. 
Various  methods  for  the  determination  of  the  degree  of  uniformity 
of  magnetic  test  specimens  have  been  proposed  (15),  but  probably 
the  most  satisfactory  one  is  to  prepare  a  specimen  much  longer 
than  is  required  for  the  final  form  and  to  make  measurements  at 
suitable  intervals  along  its  length.  If  the  results  of  these  measure- 
ments are  in  agreement,  then  the  specimen  is,  from  this  point  of 
view,  satisfactory  to  use  as  a  standard. 

It  is  well  known  that  specimens  of  steel  freshly  heat  treated  are 
not  metallurgically  stable;  that  is,  changes  in  internal  structure 
or  condition  may  go  on  for  some  time.  These  changes  are  accom- 
panied by  corresponding  changes  in  magnetic  properties.  It  is 
necessary,  therefore,  to  make  sure  that  specimens  to  be  used  as  mag- 
netic standards  are  metallurgically  stable.  This  can  be  accomplished 
by  either  natural  or  artificial  aging.  It  is  also  desirable  to  repeat 
measurements  at  intervals  in  order  to  be  assured  that  the  magnetic 
properties  are  not  changing. 

It  is  quite  obvious  that  irregularity  in  cross  section  along  tlie 
length  of  a  specimen  would  have  an  effect  similar  to  that  of  a  varia- 
tion in  magnetic  permeability.  For  this  reason  it  is  important  that 
care  should  be  used  in  preparing  the  specimen  to  maintain  a  uniform 
cross  section. 

3.  GENERAL  PRECAUTIONS 

In  the  calibration  and  use  of  magnetic  standards  it  is  necessary  to 
avoid  {a)  mechanical  strain,  (h)  variations  in  temperature,  and 
(<?)  mechanical  vibration. 

Mechanical  strain  influences  the  magnetic  properties  of  mate- 
rials to  a  marked  degi^ee.  It  is  important,  therefore,  in  the  calibra- 
tion and  use  of  magnetic  standards  that  they  be  clamped  so  as  to  be 
free  from  strain.  The  effect  of  strain  is  particularly  noticeable  in 
high-permeability  materials  and  in  the  lower  part  of  the  magnetiza- 
tion curve  (16). 

The  effect  of  variations  in  temperature  is  not  negligible  (17), 
and  care  should  be  taken  that  standards  be  not  heated  during  the 
course  of  a  test.     The  temperature  coefficient  is  not  constant   (18) 
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and  varies  for  different  materials  or  even  for  the  same  material 
with  different  heat  treatments. 

Mechanical  vibration  should  be  avoided  in  magnetic  testing.  It 
has  a  tendency  to  increase  the  apparent  permeability  and  to  decrease 
the  hysteresis.  This  is  not  generally  a  serious  factor,  but  for  work 
of  high  accuracy  it  should  be  considered  and  the  specimens  pro- 
tected if  necessary  from  excessive  vibration. 
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STANDARD  GAGE  FOR  SHEET  AND  PLATE  IRON  AND  STEEL. 


For  the  information  of  those  concerned  the  provisions  of  an  act  of 
Congress  approved  March  3,  1893  (27  Stat.  L.,  746),  estabUshing  a  uniform 
standard  for  sheet  and  plate  iron  and  steel  in  the  United  States,  are  reprinted. 

A  variation  of  2>^  per  cent  either  way  is  permitted,  so  that  the  excessive 
number  of  decimal  places  in  the  ** approximate"  equivalents  is  undue 
refinement  for  the  practical  purposes  for  which  the  act  was  estabUshed. 
Moreover,  the  values  in  some  cases  are  beyond  the  Umits  of  measiuement  of 
the  highest  precision.  For  these  reasons  and  greater  convenience  in  use, 
the  figures  not  usually  required  in  view  of  the  tolerance  are  printed  in 
smaller  type. 

S.  W.  Stratton, 

Director . 
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AN  ACT  BSTABUSHm G  A  STANDARD  GAGE  FOR  SHEET  AND  PLATE  IRON  AND 

STEEL 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled^  That  for  the  purpose  of  securing 
uniformity,  the  following  is  established  as  the  only  standard  gage  for  sheet 
and  plate  iron  and  steel  in  the  United  States  of  America,  namely: 


Number  «f 
gage 

InctioaBof 
nincli 

thkkxieas  in 
ofniiicli 

thldmeesin 
nxJUiiiieteis 

Weight 

per 

square 

loocin 

ooncea 

avoirdn- 

peit 

Weight 

per 

square 

looCin 

pooiida 

aveirdtt- 

peit 

Weight  per 

square 
^Sotta 
kUograxna 

Weight  per 

square 

meter  in 

kUograma 

Weight 

per 
square 
meter  in 
pounds 
avolrdu- 

peis 

0000000 

1-2 

.5 

12,7 

320 

20.00 

9.072 

97.65 

215.28 

000000 

15^2 

.46875 

11.90625 

300 

18.75 

8.505 

91.55 

201.82 

00000 

7-16 

.4375 

11.1125 

280 

17.50 

7.983 

85.44 

188.37 

0000 

ia-32 

.40625 

10.31875 

260 

16.25 

7.371 

79.33 

174.91 

000 

3-8 

.375 

9.525 

240 

15 

6.804 

73.24 

161.46 

00 

11-32 

.34375 

8.73125 

220 

13.75 

6.237 

67.13 

148.00 

0 

5-J6 

.3125 

7.9375 

200 

12.50 

5.67 

61.03 

134.55 

1 

9-32 

.28125 

7.14375 

180 

11.25 

5.103 

54.93 

121.09 

2 

17-64 

.265625 

6.746875 

170 

10.625 

4.819 

51.88 

114.37 

a 

1-4 

.25 

6.35 

160 

10 

4.536 

48.82 

107.64 

4 

15-64 

.234375 

5.953125 

150 

9.375 

4.252 

45.77 

100.91 

5 

7-32 

.21875 

5.55625 

140 

8.75 

3.969 

42.72 

94.18 

6 

13-64 

J203125 

5.159375 

130 

8.125 

3.685 

39.67 

87.45 

7 

a-16 

.1875 

4.7625 

120 

7.5 

3.402 

36.62 

80.72 

8 

11-64 

.171875 

4.365625 

110 

6.875 

3.118 

33.57 

74.00 

9 

5-32 

.15625 

3.96875 

100 

6.25 

2.835 

30.52 

67.27 

10 

9-64 

.140625 

3.571875 

90 

5.625 

2.552 

27.46 

60.55 

11 

1-8 

.125 

3.175 

80 

5 

2.268 

24.41 

53.82 

12 

7-64 

.109375 

2.778125 

70 

4.375 

1.984 

21.36 

47.09 

13 

3-32 

.09375 

2.38125 

60 

3.75 

1.701 

18.31 

40.36 

14 

5-64 

.078125 

1.984375 

50 

3.125 

1.417 

15.26 

33.64 

15 

^128 

,0703125 

1.7859375 

45 

2.8125 

1.276 

13.73 

30.27 

16 

1-16 

.0625 

1.5875 

40 

2.5 

1.134 

12.21 

26.91 

17 

^160 

.05625 

1.42875 

36 

2.25 

1.021 

10.99 

24.22 

18 

1-20 

.05 

1.27 

32 

2 

.9072 

9.765 

21.53 

9833a' 

—XX 
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Number  of 
gage 

Approximate 

tliicknessin 

fractions  of 

an  inch 

thickness  in 

decimal  parts 

of  an  inch 

Approximate 
thickness  hi 
millimeters 

Weight 

per 
square 
foot  hi 
ounces 
avoirdu- 
pois 

Weight 

per 
square 
foot  hi 
pounds 
avoirdu- 
pois 

Weight  per 
square 
foot  hi 

kilograms 

Weight  per 

squsre 

meter  hi 

kilograms 

Weight 

per 
square 
meter  in 
pounds 
avoirdu- 
pois 

19 

7-160 

.04375 

1.11125 

28 

1.75 

.7988 

8.544 

18.84 

20 

3-80 

.0375 

.9525 

24 

1.50 

.6804 

7.324 

16.15 

21 

11-320 

.034375 

.873125 

22 

1.375 

.6237 

6.713 

14.80 

22 

1-32 

.03125 

.793750 

20 

1.25 

.567 

6.103 

13.46 

23 

9-320 

.028125 

.714375 

18 

1.125 

.5103 

5.493 

12.11 

24 

1-40 

.025 

.635 

16 

1 

.4536 

4.882 

10.76 

25 

7-320 

.021875 

.555625 

14 

.875 

.3969 

4.272 

9.42 

26 

3-160 

.01875 

.47625 

12 

.75 

.3402 

3.662 

8.07 

27 

11-640 

.0171875 

.4365625 

11 

.6875 

.3119 

3.357 

7.40 

28 

1-64 

.015625 

.396875 

10 

.625 

.2835 

3.052 

6.73 

29 

9-640 

.0140625 

.3571875 

9 

.5625 

.2551 

2.746 

6.05 

30 

1-80 

.0125 

.3175 

8 

.5 

.2268 

2.441 

5.38 

31 

7-640 

.0109375 

.2778125 

7 

.4375 

.1984 

2.136 

4.71 

32 

13-1280 

.01015625 

.25796875 

6i 

.40625 

.1843 

1.983 

4.37 

33 

3-320 

.009375 

.238125 

6 

.375 

.1701 

1.831 

4.04 

34 

11-1280 

.00859375 

.21828125 

5i 

.34375 

.1559 

1.678 

3.70 

35 

5-640 

.0078125 

.1984375 

5 

.3125 

.1417 

1.526 

3.36 

36 

9-1280 

.00703125 

.17859375 

4i 

.28125 

.1276 

1.373 

3.03 

37 

17-2560 

.006640625 

.168671875 

4i 

.265625 

.1205 

1.297 

2.87 

38 

1-160 

.00625 

.15875 

4 

.25 

.1134 

1.221 

2.69 

And  on  and  after  July  first,  eighteen  hundred  and  ninety-three,  the 
same  and  no  other  shall  be  used  in  determining  duties  and  taxes  levied  by 
the  United  States  of  America  on  sheet  and  plate  iron  and  steel.  But  this 
act  shall  not  be  construed  to  increase  duties  upon  any  articles  which  may  be 
imported. 

Sec.  2.  That  the  Secretary  of  the  Treasury  is  authorized  and  required 
to  prepare  suitable  standards  in  accordance  herewith. 

Sec.  3.  That  in  the  practical  use  and  application  of  the  standard  gage 
hereby  established  a  variation  of  two  and  one-half  per  cent  either  way  may 
be  allowed. 

Approved,  March  3,  1893. 
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4  Circular  of  the  Bureau  of  Standards 

mXRODUCTIOK 

The  wide  application  of  hydrometers  as  measuring  instruments  in  the 
collection  of  revenues  in  commerce  and  in  the  industries  makes  it  very  impor- 
tant to  define  the  various  scales  of  indication  of  these  instruments  in  terms 
of  ftmdamental  tmits. 

The  confusion  and  discordance  heretofore  resulting  from  the  use  of 
various  insufficiently  defined  hydrometer  scales,  and  the  lack  of  opportunity 
for  verifying  standards  on  a  tmiform  basis,  led  the  Bureau  to  investigate  the 
problems  connected  with  hydrometry  and  to  prepare  standard  density  tables 
for  definition  of  hydrometer  scales. 

In  Bureau  Circular  No.  i6  the  conditions  are  announced  imder  which  the 
testing  of  hydrometers  will  be  conducted,  and  specifications  are  given  as  to 
the  construction,  standardization,  and  accuracy  required  for  hydrometers  in 
order  that  they  be  approved  as  precision  instruments. 

The  present  circular  comprises  the  density  tables  which  have  been 
adopted  for  definition  of  hydrometer  scales,  auxiUary  tables  which  have 
been  prepared  for  reduction  of  hydrometer  readings,  tables  for  computation 
of  volumetric  capacity,  and  others  of  similar  nature  giving  physical  constants 
for  which  the  Biu-eau  receives  frequent  inquiries. 

In  all  tables  found  in  this  circular  the  term  density  is  used  to  represent 
the  MASS  per  unit  volume  and  is  expressed  in  grams  per  milliliter;  that 
is,  all  densities  are  referred  to  water  at  4®  C  as  unity. 

The  term  specific  gravity  is  used  to  express  the  relative  masses 

of  EQUAL  volumes  of  the  Uquid  in  question  and  of  water.  Each  liquid 

being   at   a    definitely   stated   temperature.     For   example,    specific 

60® 
gravity  at  ^-^  F  means  the  specific  gravity  of  the  liquid  at  60®  F  referred 

to  water  at  60®  F  as  xmity. 

For  the  sake  of  uniformity  the  same  abbreviation,  D,  with  the  proper 
temperature  basis,  is  used  for  both  density  and  specific  gravity. 

S.  W.  Stratton, 

Director. 
Approved : 

Benj.  S.  Cable, 

Acting  Secretary, 
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Standard  Density  and  Volumetric  Tables 
TABLE  1.— Density  of  Pure  Water  Free  from  Air 


[Uadcr  Handard  pnmire 


(76  on),  at  evtry  tenth  part  of  a  decree  of  the  tnternatJoml  hydrogen  acale  from  0*  to  41*  C, 
referred  to  water  at  4*  C  as  nnity^] 


De- 

Tenth*  of  Degrees 

Mean 
DUKer- 

cnde 

0 

1 
8747 

2 

3 

4 

5 

6 

7 

8 

9 

encea 

0 

0.999  8681 

8812 

8875 

8936 

8996 

9053 

9109 

9163 

9216 

+  59 

1 

9267 

9315 

9363 

9408 

9452 

9494 

9534 

9573 

9610 

9645 

+  41 

2 

9679 

9711 

9741 

9769 

9796 

9821 

9644 

9866 

9887 

9905 

+  24 

3 

9922 

9937 

9951 

9962 

9973 

9981 

9988 

9994 

9998 

♦0000 

+  8 

4 

1.000  0000 

•9999 

*9996 

•9992 

•9986 

♦9979 

♦9970 

•9960 

•9947 

•9934 

-  8 

S 

0.999  9919 

9902 

9884 

9864 

9842 

9819 

9795 

9769 

9742 

9713 

-  24 

6 

9682 

9650 

9617 

9582 

9545 

9507 

9468 

9427 

9385 

9341 

-  39 

7 

9296 

9249 

9201 

9151 

9100 

9048 

8994 

8938 

8881 

8823 

-  53 

8 

8764 

8703 

8641 

8577 

8512 

8445 

8377 

8308 

8237 

8165 

-  67 

9 

8091 

8017 

7940 

7863 

7784 

7704 

7622 

7539 

7455 

7369 

-  81 

10 

7282 

7194 

7105 

7014 

6921 

6826 

6729 

6632 

6533 

6432 

-  95 

11 

6331 

6228 

6124 

6020 

5913 

5805 

5696 

5586 

5474 

5362 

-108 

12 

5248 

5132 

5016 

4898 

4780 

4660 

4538 

4415 

4291 

4166 

-121 

U 

4040 

3912 

3784 

3654 

3523 

3391 

3257 

3122 

2986 

2850 

-133 

14 

2712 

2572 

2431 

2289 

2147 

2003 

1858 

1711 

1564 

1416 

-145 

15 

1266 

1114 

0962 

0809 

0655 

0499 

0343 

0185 

0026 

•9865 

-156 

16 

0.996  9705 

9542 

9378 

9214 

9048 

8881 

8713 

8544 

8373 

8202 

-168 

17 

8029 

7856 

7681 

7505 

7328 

7150 

6971 

6791 

6610 

6427 

-178 

18 

6244 

6058 

5873 

5686 

5498 

5309 

5119 

4927 

4735 

4541 

-190 

19 

43*7 

4152 

3955 

3757 

3558 

3358 

3158 

2955 

2752 

2549 

-200 

20 

2343 

2137 

1930 

1722 

1511 

1301 

1090 

0878 

0663 

0449 

-211 

21 

0233 

0016 

•9799 

•9580 

•9359 

•9139 

•6917 

♦8694 

•6470 

•6245 

-221 

22 

0.997  8019 

7792 

7564 

7335 

7104 

6873 

6641 

6408 

6173 

5938 

-232 

23 

5702 

5466 

5227 

4988 

4747 

4506 

4264 

4021 

3777 

3531 

-242 

24 

3286 

3039 

2790 

2541 

2291 

2040 

1788 

1535 

1280 

1026 

-252 

2S 

0770 

0513 

0255 

•9997 

•9736 

•9476 

•9214 

•6951 

•6688 

•6423 

-261 

26 

0.996  8158 

7892 

7624 

7356 

7087 

6817 

6545 

6273 

6000 

5726 

-271 

27 

5451 

5176 

4898 

4620 

4342 

4062 

3782 

3500 

3218 

2935 

-280 

28 

2652 

2366 

2080 

1793 

1505 

1217 

0928 

0637 

0346 

0053 

-289 

29 

0.995  9761 

9466 

9171 

8876 

8579 

8282 

7983 

7684 

7383 

7063 

-298 

30 

6780 

6478 

6174 

5869 

5564 

5258 

4950 

4642 

4334 

4024 

-307 

31 

3714 

3401 

3089 

2776 

2462 

2147 

1832 

1515 

1198 

0880 

-315 

32 

0561 

0241 

•9920 

•9599 

•9276 

•8954 

•6630 

•6304 

•7979 

♦7653 

-324 

33 

0.994  7325 

6997 

6668 

6338 

6007 

5676 

5345 

5011 

4678 

4343 

-332 

34 

•  4007 

3671 

3335 

2997 

2659 

2318 

1978 

1638 

1296 

0953 

-340 

3S 

0610 

0267 

•9922 

•9576 

•9230 

•8883 

•8534 

•6186 

♦7837 

♦7486 

-347 

36 

0.993  7136 

6784 

6432 

6078 

5725 

5369 

5014 

4658 

4301 

3943 

-355 

37 

3585 

3226 

2866 

2505 

2144 

1782 

1419 

1055 

0691 

0326 

-362 

38 

0.992  9960 

9593 

9227 

8859 

8490 

8120 

7751 

7380 

7008 

6636 

-370 

39 

6263 

5890 

5516 

5140 

4765 

4389 

4011 

3634 

3255 

2876 

-377 

40 

2497 

2116 

1734 

1352 

0971 

0587 

0203 

•9818 

•9433 

•9047 

-384 

41 

0.991  8661 

>  Accordins  to  P.  Chappuis,  Bureau  international  des  Poids  et  Measures,  Travaux  et  M^moires.  XIII;  1907. 


Digitized  by 


Google 


6  Circular  of  the  Bureau  of  Standards 

TABLE  2.— Density^  (in  grams  per  milUliter)  of  Mixtures  of  Ethyl  Alcohol  and 

Water^ 


Pwcent 
■icoliolby 

Teiiip6i  store 

weight 

WC 

WC 

20- C 

25»C 

30'C 

35' C 

40«C 

0 

a  99973 

a  99913 

a99823 

0.99708 

a99568 

a99406 

0.99225 

1 

785 

725 

636 

520 

379 

217 

034 

2 

602 

542 

453 

336 

194 

031 

.98846 

3 

426 

365 

275 

157 

014 

.96849 

663 

4 

258 

195 

103 

.96984 

.98839 

672 

485 

5 

098 

032 

QMM 
.  yoyoo 

817 

670 

501 

311 

6 

.98946 

.98877 

780 

656 

507 

335 

142 

7 

801 

729 

627 

500 

347 

172 

.97975 

8 

660 

584 

478 

346 

189 

009 

808 

9 

524 

442 

331 

193 

031 

.97846 

641 

10 

393 

304 

187 

043 

.97875 

685 

475 

11 

267 

171 

047 

.97897 

723 

527 

312 

12 

145 

041 

.97910 

753 

573 

371 

ISO 

13 

026 

.97914 

775 

611 

424 

216 

.96989 

14 

.97911 

790 

643 

472 

278 

063 

829 

15 

800 

669 

514 

334 

133 

.96911 

670 

16 

692 

552 

387 

199 

.96990 

760 

512 

17 

583 

433 

259 

062 

844 

607 

352 

18 

473 

313 

129 

.96923 

697 

452 

189 

19 

363 

191 

.96997 

782 

547 

294 

023 

20 

252 

068 

864 

639 

395 

134 

.95856 

21 

139 

.96944 

729 

495 

242 

.95973 

687 

22 

024 

818 

592 

348 

087 

809 

516 

23 

.96907 

689 

453 

199 

.95929 

643 

343 

24 

787 

558 

312 

048 

769 

476 

168 

25 

665 

424 

168 

.95895 

607 

306 

.94991 

26 

539 

287 

020 

738 

442 

133 

810 

27 

406 

144 

.95867 

576 

272 

.94955 

625 

28 

268 

.  95996 

710 

410 

098 

774 

438 

29 

125 

844 

548 

241 

.94922 

590 

248 

30 

.95977 

686 

382 

067 

741 

403 

055 

31 

823 

524 

212 

.94890 

557 

214 

.93860 

32 

665 

357 

038 

709 

370 

021 

662 

33 

502 

186 

.94860 

525 

180 

.93825 

461 

34 

334 

Oil 

679 

337 

.93986 

626 

257 

35 

162 

.94832 

494 

146 

790 

425 

051 

36 

650 

306 

.93952 

591 

221 

.92843 

37 

805 

464 

114 

756 

390 

016 

634 

38 

620 

273 

.93919 

556 

186 

.92806 

422 

39 

431 

079 

720 

353 

.92979 

597 

206 

40 

238 

.93882 

518 

148 

770 

385 

.91992 

41 

042 

682 

314 

.92940 

558 

170 

774 

42 

.93842 

478 

107 

729 

344 

.91952 

554 

43 

639 

271 

.92897 

516 

128 

733 

332 

44 

433 

062 

685 

301 

.91910 

513 

106 

45 

226 

.92852 

472 

085 

692 

291 

.90884 

46 

017 

640 

257 

.91868 

472 

069 

660 

47 

.92806 

426 

041 

649 

250 

.90645 

434 

48 

593 

211 

.91823 

429 

028 

621 

207 

49 

379 

.91995 

604 

208 

.90805 

396 

.89979 

50 

162 

776 

384 

.90985 

580 

168 

750 

*  The  density  vahtes  siveii  in  this  table  are  ntimerically  the  same  as  spedfic  gravities  at  the  various  temperatures  in 
tcnns  ci  water  at  4*  C  as  unity. 

>•  Tables  a.  3.  4,  5.  6.  7.  and  8  ct  this  circular  are  based  on  the  work  done  at  this  Bureau  and  published  in  the  Bulletin 
of  the  Bureau  of  Stiusdaids,  vol.  o.  No.  3.  A  new  interpolation  of  the  original  data  has  changed  slightly  some  of  the  density 
values  from  those  published  in  the  previous  edition  of  this  circular. 
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TABLE  2. — Denshy  On  gzams  per  milliHter)  of  Mixtures  of  E&yl  Alcohol  and 

Water — Continued 


FVCMI 

Xoiiip6nnif6 

•mM 

10*  C 

15*  C 

20»C 

25*  C 

30»C 

35*  C 

40*G 

50 

a  92162 

a  91776 

0.91384 

a90985 

a90580 

0.90168 

0.89750 

51 

.91943 

555 

160 

760 

353 

.89940 

519 

52 

723 

333 

.90936 

534 

125 

710 

288 

5S 

502 

110 

711 

307 

.89896 

479 

056 

54 

279 

.90885 

485 

079 

667 

248 

.88823 

55 

055 

699 

258 

.89850 

437 

016 

589 

56 

.90831 

433 

031 

621 

206 

.88784 

356 

57 

607 

207 

.89803 

392 

.88975 

552 

122 

Si 

381 

.89980 

574 

162 

744 

319 

.87888 

99 

154 

752 

344 

.88931 

512 

685 

653 

eo 

.89927 

523 

113 

699 

278 

.87851 

417 

tt 

698 

293 

.88882 

466 

044 

615 

180 

tt 

468 

062 

650 

233 

379 

.86943 

•5 

237 

.88830 

417 

.87998 

574 

142 

705 

§4 

006 

597 

183 

763 

337 

.86905 

466 

& 

.88774 

364 

.87948 

527 

100 

667 

227 

tf 

541 

130 

713 

291 

.86863 

429 

.89987 

C7 

306 

.87895 

477 

054 

625 

190 

74T 

€8 

074 

660 

241 

.86817 

387 

.85950 

507 

» 

.87839 

424 

004 

579 

148 

710 

266 

70 

602 

187 

.86766 

340 

.85908 

470 

025 

71 

365 

.86949 

527 

100 

667 

228 

.84783 

72 

127 

710 

287 

.85859 

426 

.84966 

540 

73 

.86688 

470 

047 

618 

184 

743 

297 

74 

648 

229 

.85806 

376 

.84941 

500 

053 

75 

406 

.85988 

564 

134 

698 

257 

.83809 

n 

168 

747 

322 

.84891 

455 

013 

564 

77 

.85927 

505 

079 

647 

211 

.83768 

319 

78 

685 

262 

.84835 

403 

.83966 

523 

074 

79 

442 

018 

590 

158 

720 

277 

.82827 

80 

197 

.84772 

344 

.83911 

473 

029 

578 

81 

.84950 

525 

096 

664 

224 

.82780 

329 

82 

702 

277 

.83848 

415 

.82974 

530 

079 

83 

453 

028 

599 

164 

724 

279 

.81828 

84 

203 

.83777 

348 

.82913 

473 

027 

576 

85 

.83951 

525 

095 

660 

220 

.81774 

322 

86 

697 

271 

.82840 

405 

.81965 

519 

067 

87 

441 

014 

563 

148 

708 

262 

.80811 

88 

181 

.82754 

323 

.81888 

448 

003 

552 

89 

.82919 

492 

062 

626 

186 

.80742 

291 

90 

654 

227 

.81797 

362 

.80922 

478 

028 

91 

386 

.81959 

529 

094 

655 

211 

.79761 

92 

114 

688 

257 

.80823 

384 

.79941 

491 

93 

.81839 

413 

.80983 

549 

111 

669 

220 

94 

561 

134 

705 

272 

.79835 

393 

.78947 

95 

278 

.80852 

424 

.79991 

555 

U4 

670 

96 

.80991 

566 

138 

706 

271 

.78831 

388 

97 

698 

274 

. 79646 

415 

.78981 

542 

100 

98 

399 

.79975 

547 

117 

684 

247 

.77806 

99 

094 

670 

243 

.78814 

382 

.77946 

507 

100 

,    .79784 

360 

.78934 

506 

075 

641 

203 

7««58*-i3- 
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TABLE  3.— Density  ">  (in  grams  per  milliliter)  of  Mixtures  of  Ethyl  Alcohol  and 

Water  at  20°  C 


Tenttii  of  Per  Cent 

PwCdnt 
Alcohol  by 

W^igfat 

0 

1 

2 

3 

4 

5 

4 

7 

8 

9 

0 

a99823 

804 

785 

766 

748 

729 

710 

692 

673 

655 

1 

636 

618 

599 

581 

562 

544 

525 

507 

489 

471 

2 

453 

435 

417 

399 

381 

363 

345 

327 

310 

292 

3 

275 

257 

240 

222 

205 

188 

171 

154 

137 

120 

4 

103 

087 

070 

053 

037 

020 

003 

♦987 

•971 

•954 

5 

.98938 

922 

906 

890 

874 

859 

843 

827 

811 

796 

6 

780 

765 

749 

734 

718 

703 

688 

673 

658 

642 

7 

627 

612 

597 

582 

567 

553 

538 

523 

508 

493 

a 

478 

463 

449 

434 

419 

404 

389 

374 

360 

345 

9 

331 

316 

301 

287 

273 

258 

244 

229 

215 

201 

10 

187 

172 

158 

144 

130 

117 

103 

089 

075 

061 

11 

047 

033 

019 

006 

•992 

•978 

•964 

•951 

•937 

•923 

12 

.97910 

896 

883 

869 

855 

842 

828 

815 

801 

788 

13 

775 

761 

748 

735 

722 

709 

696 

683 

670 

657 

14 

643 

630 

617 

604 

591 

578 

565 

552 

539 

526 

15 

514 

501 

488 

475 

462 

450 

438 

425 

412 

400 

16 

387 

374 

361 

349 

336 

323 

310 

297 

284 

272 

17 

259 

246 

233 

220 

207 

194 

181 

168 

155 

142 

18 

129 

116 

103 

089 

076 

063 

050 

037 

024 

010 

19 

.96997 

984 

971 

957 

944 

931 

917 

904 

891 

877 

20 

864 

850 

837 

823 

810 

796 

783 

769 

756 

742 

21 

729 

716 

702 

688 

675 

661 

647 

634 

620 

606 

22 

592 

578 

564 

551 

537 

523 

509 

495 

481 

467 

23 

453 

439 

425 

411 

396 

382 

368 

354 

340 

326 

24 

312 

297 

283 

269 

254 

240 

225 

211 

196 

182 

2S 

168 

153 

139 

124 

109 

094 

080 

065 

050 

035 

26 

020 

005 

*990 

•975 

•959 

•944 

•929 

•914 

•698 

•883 

27 

.95867 

851 

836 

820 

805 

789 

773 

757 

742 

726 

28 

710 

694 

678 

662 

646 

630 

613 

597 

581 

565 

29 

548 

532 

516 

499 

483 

466 

450 

433 

416 

400 

30 

382 

365 

349 

332 

315 

296 

281 

264 

247 

230 

31 

212 

195 

178 

161 

143 

126 

108 

091 

074 

056 

32 

038 

020 

003 

•985 

•967 

•950 

•932 

•914 

•896 

♦878 

33 

.94860 

842 

824 

806 

788 

770 

752 

734 

715 

697 

34 

679 

660 

642 

624 

605 

587 

568 

550 

531 

512 

35 

494 

475 

456 

438 

419 

400 

382 

363 

344 

325 

36 

306 

287 

268 

249 

230 

211 

192 

172 

153 

134 

37 

114 

095 

075 

056 

036 

017 

•997 

•978 

•958 

•939 

38 

.93919 

899 

879 

859 

840 

820 

800 

780 

760 

740 

39 

720 

700 

680 

660 

640 

620 

599 

579 

559 

539 

40 

518 

498 

478 

458 

437 

417 

396 

376 

356 

335 

41 

314 

294 

273 

253 

232 

212 

191 

170 

149 

129 

42 

107 

086 

065 

044 

023 

002 

•981 

•960 

•939 

•918 

43 

.92897 

876 

85S 

834 

812 

791 

770 

749 

728 

707 

44 

685 

664 

642 

621 

600 

579 

557 

536 

515 

493 

45 

472 

450 

429 

406 

386 

365 

343 

322 

300 

279 

46 

257 

236 

214 

193 

171 

150 

128 

106 

085 

063 

47 

041 

019 

•997 

•976 

•954 

•932 

•910 

•889 

♦867 

•845 

48 

.91823 

801 

780 

758 

736 

714 

692 

670 

648 

626 

49 

604 

582 

560 

538 

516 

494 

472 

450 

428 

406 

50 

384 

361 

339 

317 

295 

272 

250 

228 

206 

183 

*^  The  density  values  given  in  this  table  are  numerically  the  tame  as  specific  cravity  at  so*  C  in  tenns  of  water  at 
4*  C  as  unity. 
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TABLE  3. — Density  (in  grams  per  milliliter)  of  Mixtures  of  E&yl  Alcohol  and 

Water,  at  W  C— Continued 


Tenths  of  Per  Cent 

FwCmI 

W«lCht 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SO 

0.91384 

361 

339 

317 

.  »5 

272 

250 

228 

206 

183 

SI 

160 

138 

116 

093 

071 

049 

026 

004 

•981 

•959 

S2 

.90936 

914 

891 

869 

846 

824 

801 

779 

756 

734 

S3 

711 

689 

666 

644 

621 

598 

576 

553 

531 

508 

S4 

485 

463 

440 

417 

395 

372 

349 

327 

304 

281 

SS 

258 

236 

213 

190 

167 

145 

122 

099 

076 

054 

S6 

031 

008 

•985 

•962 

•939 

•917 

*894 

*vn 

•848 

•825 

57 

.89803 

780 

757 

734 

711 

688 

665 

643 

620 

597 

sa 

574 

551 

528 

505 

482 

459 

436 

413 

390 

367 

59 

344 

321 

296 

275 

252 

229 

206 

183 

160 

137 

60 

113 

090 

067 

044 

021 

•998 

•975 

•951 

•928 

•905 

€1 

.88882 

859 

836 

812 

789 

766 

743 

720 

696 

673 

12 

650 

626 

603 

580 

557 

533 

510 

487 

463 

440 

S3 

417 

393 

370 

347 

323 

300 

277 

253 

230 

206 

64 

183 

160 

136 

113 

089 

066 

042 

019 

•995 

•972 

(S 

.87948 

925 

901 

878 

854 

831 

807 

784 

760 

737 

66 

713 

689 

666 

642 

619 

595 

572 

548 

524 

501 

•7 

477 

454 

430 

406 

383 

359 

336 

312 

288 

265 

60 

241 

218 

194 

170 

147 

123 

099 

075 

052 

028 

m 

004 

•981 

•957 

•933 

•909 

•885 

•062 

•838 

•814 

•790 

70 

.36766 

742 

718 

694 

671 

647 

623 

599 

575 

551 

71 

527 

503 

479 

455 

431 

407 

383 

359 

335 

311 

72 

287 

263 

239 

215 

191 

167 

143 

119 

095 

071 

73 

047 

022 

•998 

•974 

•950 

•926 

•902 

•878 

•854 

•830 

74 

.85806 

781 

757 

733 

709 

685 

661 

636 

612 

588 

75 

564 

540 

515 

491 

467 

443 

419 

394 

370 

346 

96 

322 

297 

273 

249 

225 

200 

176 

152 

128 

103 

77 

079 

055 

031 

006 

•982 

•958 

•933 

•909 

•884 

•860 

7t 

.84835 

811 

787 

762 

738 

713 

689 

664 

640 

615 

79 

590 

566 

541 

517 

492 

467 

443 

418 

393 

369 

80 

344 

319 

294 

270 

245 

220 

196 

171 

146 

121 

n 

096 

073 

047 

022 

•997 

•972 

•947 

•923 

•898 

•873 

n 

.83848 

823 

798 

773 

748 

723 

698 

674 

649 

624 

•3 

599 

574 

549 

523 

498 

473 

448 

423 

398 

373 

•4 

348 

323 

297 

272 

247 

222 

196 

m 

146 

120 

B 

095 

070 

044 

019 

•994 

•968 

•943 

•917 

•892 

•866 

•6 

.8940 

815 

789 

763 

738 

712 

686 

660 

635 

600 

17 

583 

557 

531 

505 

479 

453 

427 

401 

375 

349 

li 

823 

297 

271 

245 

219 

193 

167 

140 

114 

088 

89 

062 

035 

009 

•983 

•956 

•930 

•903 

•877 

♦850 

•824 

90 

.81797 

770 

744 

717 

690 

664 

637 

610 

583 

556 

91 

529 

502 

475 

448 

421 

394 

366 

339 

312 

285 

92 

257 

230 

203 

175 

148 

120 

093 

066 

038 

010 

93 

J0983 

955 

928 

900 

872 

844 

817 

789 

761 

733 

94 

705 

677 

649 

621 

593 

565 

537 

509 

480   - 

452 

95 

424 

395 

367 

338 

310 

281 

253 

224 

195 

166 

96 

138 

109 

080 

051 

022 

•993 

•963 

•934 

•905 

<«75 

97 

.79846 

816 

787 

757 

727 

698 

668 

638 

608 

578 

98 

547 

517 

487 

456 

426 

396 

365 

335 

305 

274 

99 

243 

213 

182 

151 

120 

089 

059 

028 

•997 

•966 

100 

.78934 
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TABLE  4.— Specific  Gravity  at  §1  F  (^  C)  of  iCxtures  (by  Vohune)  of  Ethyl 

Alcohol  and  Water 


PwCdnt 

Tenth*  of  Per  Cent 

Alcohol 

by  Vohune 

ai60*P 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

100000 

•985 

•970 

•955 

•940 

•925 

•910 

•895 

♦880 

•865 

1 

.'99850 

835 

820 

806 

791 

776 

761 

747 

732 

717 

2 

703 

688 

674 

659 

645 

630 

616 

602 

587 

573 

3 

559 

545 

531 

516 

502 

488 

474 

460 

446 

432 

4 

419 

405 

391 

378 

364 

350 

336 

323 

309 

296 

5 

282 

269 

255 

242 

228 

215 

202 

189 

176 

163 

6 

150 

137 

124 

111 

098 

085 

073 

060 

047 

035 

7 

022 

009 

•997 

•984 

•972 

•960 

•947 

•935 

•923 

•911 

8 

.98899 

887 

875 

863 

851 

838 

826 

814 

803 

791 

9 

779 

767 

755 

743 

731 

720 

708 

696 

684 

672 

10 

661 

649 

637 

625 

614 

602 

590 

5T9 

567 

556 

11 

544 

532 

521 

509 

498 

487 

475 

464 

452 

441 

12 

430 

419 

408 

396 

385 

374 

363 

352 

341 

i? 

13 

319 

308 

297 

286 

275 

264 

254 

243 

232 

14 

210 

200 

190 

179 

168 

157 

147 

136 

125 

115 

15 

104 

093 

083 

072 

062 

051 

(HO 

030 

019 

009 

16 

.97998 

988 

977 

967 

956 

946 

936 

925 

915 

905 

17 

895 

885 

875 

864 

854 

844 

834 

824 

814 

804 

18 

794 

784 

774 

764 

754 

744 

734 

724 

714 

704 

19 

694 

684 

674 

664 

654 

645 

635 

625 

615 

605 

20 

596 

586 

576 

566 

556 

546 

536 

526 

516 

506 

21 

496 

486 

476 

466 

456 

446 

436 

425 

415 

405 

22 

395 

385 

375 

365 

354 

344 

334 

324 

313 

303 

23 

293 

283 

272 

262 

252 

241 

231 

221 

210 

200 

24 

189 

179 

168 

158 

147 

137 

126 

116 

105 

095 

25 

064 

073 

063 

052 

042 

031 

020 

010 

•999 

•968 

26 

.96978 

967 

957 

946 

935 

924 

914 

903 

892 

881 

27 

870 

859 

848 

837 

826 

815 

804 

793 

782 

771 

28 

760 

749 

738 

727 

715 

704 

693 

682 

671 

659 

29 

648 

637 

625 

614 

603 

591 

580 

568 

557 

546 

30 

534 

522 

511 

499 

488 

476 

464 

453 

441 

429 

31 

418 

406 

394 

382 

370 

358 

346 

334 

321 

309 

32 

296 

284 

271 

259 

246 

234 

221 

209 

196 

183 

33 

170 

157 

144 

132 

119 

106 

093 

060 

067 

054 

34 

041 

028 

015 

002 

•988 

•975 

•962 

•948 

•935 

•921 

35 

.95908 

894 

881 

867 

854 

840 

826 

812 

796 

784 

36 

770 

756 

742 

728 

714 

700 

685 

671 

657 

643 

37 

628 

614 

599 

585 

570 

556 

541 

526 

512 

497 

38 

482 

467  • 

452 

437 

423 

408 

393 

378 

362 

347 

39 

332 

317 

302 

286 

271 

256 

240 

225 

209 

194 

40 

178 

162 

147 

131 

115 

100 

084 

068 

052 

036 

41 

020 

004 

•968 

•972 

•956 

*940 

•923 

•907 

•891 

♦875 

42 

.94858 

842 

825 

809 

792 

776 

759 

743 

726 

710 

43 

693 

676 

660 

643 

626 

609 

592 

575 

558 

S41 

44 

524 

507 

490 

473 

455 

438 

421 

403 

386 

369- 

45 

351 

334 

316 

298 

281 

263 

245 

228 

210 

192 

46 

174 

156 

138 

120 

Jg 

084 

066 

048 

030 

Oil 

47 

.93993 

975 

956 

938 

901 

883 

864 

845 

827 

48 

808 

789 

771 

752 

733 

714 

695 

676 

657 

638 

49 

619 

600 

581 

562 

543 

523 

504 

485 

465 

446 

50 

426 

407 

387   . 

368 

348 

328 

309 

289 

270 

250 
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TABLE  4.— Specific  Gravity  at  |J  F  (^  C)  of  Mixtures  (by  Volume)  of  Ethyl 

Alcohol  and  Water — Continued 


Per  Con 

Tenths  of  Per  Cent 

AkolMl 

bjrVthuM 

itWF 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50 

.93426 

407 

387 

368 

348 

328 

309 

289 

270 

250 

SI 

230 

210 

190 

171 

151 

131 

111 

091 

071 

051 

51 

031 

Oil 

♦991 

•971 

•951 

♦931 

•911 

♦890 

•870 

♦850 

53 

.92830 

810 

789 

769 

749 

728 

708 

688 

667 

647 

54 

626 

605 

585 

564 

544 

523 

502 

482 

461 

440 

55 

419 

398 

377 

357 

336 

315 

294 

273 

252 

231 

56 

210 

189 

168 

147 

126 

105 

084 

062 

041 

020 

57 

.91999 

978 

956 

935 

914 

892 

871 

849 

827 

806 

56 

784 

762 

741 

719 

697 

675 

653 

631 

610 

588 

59 

565 

543 

521 

499 

477 

455 

433 

410 

388 

366 

60 

344 

322 

299 

277 

255 

232 

210 

188 

165 

143 

61 

120 

097 

075 

052 

030 

007 

•984 

♦962 

•939 

•916 

62 

.90893 

970 

847 

825 

802 

779 

756 

733 

710 

687 

63 

664 

641 

618 

595 

572 

549 

526 

503 

480 

457 

64 

434 

411 

388 

365 

341 

318 

295 

272 

249 

225 

65 

202 

179 

155 

132 

108 

085 

061 

038 

014 

•991 

66 

JB967 

943 

920 

896 

872 

848 

825 

801 

777 

753 

67 

729 

705 

681 

657 

633 

609 

585 

561 

537 

513 

66 

489 

465 

441 

416 

392 

368 

343 

319 

295 

270 

m 

245 

220 

196 

171 

147 

122 

098 

073 

048 

024 

70 

.88999 

974 

950 

925 

900 

875 

850 

825 

801 

776 

71 

751 

725 

700 

675 

650 

625 

600 

574 

549 

524 

72 

499 

474 

448 

423 

397 

372 

346 

321 

296 

270 

73 

244 

218 

193 

167 

141 

116 

090 

064 

039 

013 

74 

.87987 

961 

935 

910 

884 

858 

832 

806 

780 

754 

75 

728 

702 

676 

650 

623 

597 

571 

545 

518 

492 

76 

465 

439 

412 

386 

359 

332 

306 

279 

252 

226 

77 

199 

172 

145 

118 

092 

065 

038 

Oil 

•984 

•957 

78 

.88929 

902 

875 

847 

820 

793 

766 

738 

711 

684 

79 

656 

629 

601 

574 

546 

518 

491 

463 

435 

408 

80 

380 

352 

324 

296 

269 

241 

213 

185 

157 

129 

81 

100 

072 

044 

015 

•987 

•959 

♦931 

•902 

•874 

•846 

82 

.85817 

789 

760 

732 

703 

674 

646 

617 

588 

560 

83 

531 

502 

473 

444 

415 

386 

357 

328 

299 

270 

84 

240 

211 

181 

152 

128 

093 

063 

033 

004 

♦974 

85 

.84944 

914 

884 

854 

824 

794 

764 

734 

703 

673 

86 

642 

612 

561 

551 

520 

490 

459 

428 

398 

367 

87 

336 

305 

274 

243 

212 

181 

150 

119 

088 

056 

88 

025 

«994 

•962 

•930 

•899 

•867 

•835 

•803 

•771 

♦739 

89 

.83707 

675 

643 

610 

578 

545 

513 

480 

447 

415 

90 

382 

349 

315 

282 

249 

216 

183 

150 

116 

083 

91 

049 

015 

•981 

•947 

•913 

•879 

•845 

♦810 

♦776 

♦741 

92 

.82705 

670 

635 

600 

565 

529 

494 

458 

423 

387 

93 

351 

315 

279 

243 

206 

170 

133 

096 

059 

022 

94 

.81984 

947 

909 

871 

834 

796 

757 

719 

681 

642 

95 

603 

564 

525 

486 

446 

407 

367 

327 

287 

247 

96 

206 

165 

125 

084 

042 

001 

•960 

•918 

♦876 

♦834 

97 

.80792 

750 

707 

664 

620 

577 

533 

489 

445 

401 

98 

356 

311 

265 

219 

173 

127 

080 

033 

♦985 

•937 

99 

.79889 

841 

792 

743 

693 

643 

593 

543 

492 

441 

100 

389 
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TABLE  5. — ^Tempexature  Corrections  to  Readings  of  Alcoholometers  (Standard 

at  60°  F) 

[This  table  Is  calculated  from  the  same  data  on  the  thennal  expansion  of  e^l  alcohol  as  that  from  which  Tables  2, 3, 4, 6» 
7,  and  8  are  calculated.  The  hydrometer  is  assumed  to  be  of  Jena  16^  glass.  For  the  per  cents  not  given  between 
40  and  80,  linear  interpolation  of  the  tabulated  corrections  will  give  results  suffldently  exact  for  most  purposes.] 


Observed  Per  Cent  Alcohol  by  Volume 

Observed 

Tsmpera- 

ture  in 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Degrees 

Fahmheit 

Add  to  Observed  Per  Cent  Akahol 

50 

037 

0.38 

039 

..«> 

0.42 

0.45 

0.48 

0.52 

036 

031 

036 

0.74 

0.81 

51 

.34 

35 

36 

37 

,39 

.41 

.44 

.47 

31 

36 

.61 

.66 

.75 

52 

.32 

32 

33 

34 

35 

38 

.40 

.43 

.47 

31 

35 

32 

.66 

53 

.29 

30 

30 

31 

32 

34 

36 

39 

.42 

.46 

.49 

35 

.60 

54 

.26 

.26 

.26 

37 

38 

.29 

32 

34 

36 

.40 

.43 

.46 

32 

55 

.22 

32 

.23 

33 

34 

>   35 

.27 

.29 

31 

34 

37 

.40 

.44 

56 

.18 

.18 

.18 

.18 

.19 

30 

.22 

.24 

.25 

38 

30 

33 

36 

57 

.14 

.14 

.14 

.14 

.14 

.15 

.17 

.18 

.19 

31 

33 

35 

37 

58 

.09 

.10 

.10 

.10 

.10 

.10 

.11 

.12 

.13 

.14 

.16 

.16 

.18 

59 

.05 

.05 

.05 

M 

.05 

.05 

.06 

36 

.06 

37 

.06 

36 

.09 

Subdactfrom  Observed  Per  Cent  Alcohol 

61 

0.05 

QMS 

OM 

036 

0.07 

0.07 

037 

038 

0.06 

036 

039 

0.10 

62 

.10 

.11 

.12 

.12 

.13 

.14 

.14 

.16 

.16 

.17 

.16 

.20 

63 

.16 

.17 

.18 

.19 

.20 

.20 

31 

33 

.24 

.25 

37 

.29 

64 

.22 

.23 

34 

.25 

.26 

.27 

.29 

31 

32 

34 

37 

39 

65 

.28 

.29 

30 

32 

33 

34 

36 

39 

.41 

.43 

.46 

.49 

66 

34 

35 

36 

38 

.40 

.42 

.44 

.47 

30 

32 

36 

.59 

67 

.41 

.42 

.43 

.45 

.47 

30 

32 

35 

38 

.61 

.65 

.70 

68 

.48 

.48 

30 

32 

34 

37 

.60 

.64 

37 

.71 

.75 

.80 

69 

.55 

36 

37 

39 

32 

.66 

.68 

.73 

.76 

30 

35 

.91 

70 

.62 

.63 

.64 

.67 

.70 

.74 

.77 

31 

36 

.90 

36 

1.02 

72 

.77 

.78 

30 

.83 

36 

.90 

.94 

.99 

1.04 

1.10 

1.16 

1.23 

74 

.93 

.94 

.96 

130 

1.03 

1.09 

1.13 

1.18 

1.25 

132 

139 

1.46 

76 

1.10 

1.13 

1.17 

131 

1.27 

132 

1.38 

1.46 

134 

131 

1.70 

78 

1.28 

131 

135 

1.40 

1.46 

1.52 

139 

1.67 

1.76 

134 

1.94 

80 

1.46 

130 

1.54 

1.60 

1.66 

1.73 

130 

139 

1.99 

2.09 

230 

82 

1.64 

1.69 

1.74 

130 

1.87 

1.94 

2.02 

2.12 

2.22 

234 

2.45 

84 

134 

139 

1.94 

2.00 

2.08 

2.16 

2.25 

2.35 

2.47 

239 

2.71 

86 

2.09 

2.15 

2.22 

230 

239 

2.49 

2.60 

2.72 

234 

2.97 

88 

230 

237 

2.44 

233 

2.62 

2.73 

235 

2.96 

3.10 

3.23 

90 

232 

239 

2.66 

2.76 

236 

236 

3.11 

3.24 

336 

330 

92 

2.74 

232 

239 

3.00 

3.11 

3.24 

337 

331 

334 

3.78 

94 

2.97 

3.04 

3.12 

3.24 

336 

3.50 

3.63 

3.78 

3.92 

437 

96 

3.28 

336 

3.49 

3.62 

3.76 

3.90 

4.05 

4.20 

436 

98 

3.52 

3.60 

3.74 

338 

4.03 

4.17 

432 

430 

4.66 

100 

3.76 

335 

4.00 

4.15 

430 

4.45 

4.60 

4.76 

4.95 
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TABLE  5. — Tempeiature  Conections  to   Readings  of  Alcoholometers  (Standard 

at  60*^  F)— Continued 


Ofanmd 

OI»enr*d  Par  C«Bt  Ak^Ml  by  Vttame 

JSSXk 

htm 

13 

14 

15 

16 

17 

18 

19 

» 

21 

22 

23 

24 

Add  to  Otauvwl  Par  Cid  AktlMl 

so 

0^ 

0.99 

IM 

1.19 

IJO 

1.41 

1.52 

1.62 

1.72 

1.82 

1.90 

1.98 

51 

M 

.90 

.99 

IM 

1.18 

1.28 

1.38 

1.47 

1.56 

1.64 

1.71 

1.79 

52 

.74 

.80 

.89 

.96 

1.06 

1.14 

1.23 

IJl 

1.38 

1.46 

1.52 

1.58 

53 

.65 

.71 

.78 

.85 

.94 

1.00 

1.08 

1.15 

1.21 

1.28 

1.34 

1.39 

54 

.57 

.62 

.68 

.74 

.81 

.86 

.94 

.99 

1.04 

1.10 

1.15 

IJO 

55 

.48 

.52 

.57 

.62 

.68 

.72 

.78 

.83 

.87 

.92 

.96 

1.00 

56 

.38 

.42 

.46 

.49 

.54 

.58 

.63 

.67 

.69 

.74 

.77 

.80 

57 

.29 

.32 

.35 

.37 

.40 

.44 

.47 

.51 

.53 

.56 

M 

.60 

58 

.19 

.21 

.23 

.24 

.26 

.29 

.32 

.34 

.35 

.38 

.40 

.40 

59 

ao 

.11 

.12 

.12 

.13 

.14 

.16 

.17 

.18 

.19 

M 

.20 

Snt 

itrsci  liofl 

lObaem 

dPwC« 

ntAloolu 

d 

61 

0.10 

0.11 

0.12 

0.13 

0.14 

0.14 

0.15 

0.16 

0.17 

0.17 

0.18 

0.18 

62 

.21 

.22 

.24 

.26 

.27 

.29 

JO 

.32 

.34 

.36 

.37 

.38 

63 

.31 

.32 

.35 

.38 

.41 

.44 

.46 

.49 

.51 

.53 

M 

M 

64 

.42 

.44 

.48 

.52 

.54 

.58 

.62 

.66 

.68 

.71 

.74 

.n 

65 

.52 

.55 

.60 

.65 

.68 

.73 

.78 

.82 

.85 

.90 

.92 

.96 

66 

.63 

.66 

.71 

.77    . 

.82 

.88 

.94 

.98 

1.02 

1.07 

1.11 

1.16 

67 

.74 

.78 

.84 

.90 

.96 

1.03 

1.10 

1.15 

1.20 

1.25 

1.30 

1.35 

68 

.85 

.91 

.97 

1.03 

1.10 

1.18 

1.26 

1.33 

IM 

1.44 

1.49 

1.54 

69 

.97 

1.02 

1.10 

1,17 

1.25 

1.33 

1.42 

1.48 

1.54 

1.61 

1.66 

1,72 

70 

1.08 

1.14 

1.23 

U31 

1.40 

1.49 

1.58 

1.65 

1.72 

1.78 

1.84 

1.91 

72 

1.31 

1.39 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

2.06 

2.13 

2.20 

i.n 

74 

1.55 

1.65 

1.76 

1.88 

1.99 

2.10 

2.22 

2.32 

2.41 

2.48 

2.56 

2.65 

76 

1.80 

1.91 

2.03 

2.16 

2.28 

2.41 

2.54 

2.65 

2.76 

2.84 

2.93 

3.03 

78 

2.05 

2.17 

2J0 

2.44 

2.58 

2.72 

2.86 

2.98 

3.10 

3.20 

3.30 

3.40 

80 

2.31 

2.44 

2.58 

2.72 

1.87 

3.02 

3.17 

3.33 

3.45 

3.56 

3.67 

3.78 

82 

2J7 

2.71 

2.86 

3.00 

S.16 

3.33 

3.50 

3.66 

3.79 

3.92 

4.04 

4.18 

84 

2.84 

2.98 

3.13 

3.29 

8.46 

3.63 

3.81 

4.00 

4.14 

4.28 

4.42 

4.56 

86 

3.11 

3.26 

3.41 

3.58 

8.76 

3.94 

4.13 

4.33 

4.49 

4.65 

4J0 

4.94 

88 

3.38 

3.54 

3.70 

3.88 

4.07 

4.26 

4.46 

4.67 

4.84 

5.00 

5.17 

5.32 

90 

3.66 

3.83 

4.00 

4.18 

4.38 

4.58 

4.78 

5.01 

5.19 

5.36 

5.53 

5.69 

92 

3.94 

4.11 

4.29 

4.48 

4.69 

4.90 

5.12 

5.35 

5.54 

5.72 

5.90 

6.07 

94 

4.23 

4.40 

4.58 

4.79 

5.00 

5.22 

5.46 

5.69 

5.89 

6.08 

6.38 

6.45 

96 

4.53 

4.69 

4.87 

5.10 

5.32 

5.55 

5.80 

6.03 

6.24 

6.44 

6.64 

6.82 

98 

4.83 

5.00 

5.18 

5.41 

5.64 

5.88 

6.13 

6.38 

6.60 

6.80 

7.02 

7.20 

100 

5.13 

5.30 

5.49 

5.72 

5.95 

6.21 

6.46 

6.72 

6.95 

7.17 

7.40 

7.59 
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TABLE  5. — ^Temperature  Corrections  to  Readings  of  Alcoholometers   (Standard 

at  eO""  F)— Continued 


Observed  Per  Cent  Alcohol  by  Volume 

Obserred 

Tempera- 

tote  in 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

Decrees 

Add  to  Observed  Per  Cent  Alcohol 

50 

2.06 

2.12 

2.18 

2.24 

2.28 

2.31 

2.32 

2.32 

2.32 

2.31 

2.29 

51 

1.85 

1.90 

1.96 

2.02 

2.05 

2.08 

2.10 

2.09 

2.09 

2.08 

2.07 

52 

1.64 

1.69 

1.74 

1.78 

1.82 

1.84 

1.85 

1.86 

1.86 

1.85 

1.84 

53 

1.44 

1.48 

1.52 

1.56 

1.58 

1.60 

1.61 

1.62 

1.63 

1.62 

1.61 

54 

1.24 

1.27 

1.30 

1.34 

1.36 

1.36 

138 

1.39 

1.40 

1.38 

L38 

SS 

1.03 

1.06 

1.08 

LIO 

1.12 

1.13 

1.14 

1.15 

1.16 

1.15 

1.15 

56 

.82 

.85 

.87 

.89 

.90 

.90 

.91 

.92 

.92 

.92 

.92 

57 

.62 

.64 

.65 

.66 

.67 

.67 

.68 

.69 

.70 

.69 

.69 

56 

.41 

.42 

.43 

.44 

.44 

.44 

.45 

.46 

.46 

.46 

.46 

59 

.21 

.21 

.21 

.22 

.22 

.22 

.22 

.22 

.23 

.23 

.23 

Sttbtrsct  trem  Observed  Per  Cent  Alcohol 

ei 

ai9 

0.20 

0.20 

0.21 

0.22 

0.23 

0.23 

0.23 

0.23 

0w» 

0.23 

62 

.39 

.40 

.41 

.42 

.44 

.46 

.46 

.46 

.46 

.46 

.46 

63 

.59 

.60 

.62 

.64 

.66 

.68 

.68 

.68 

.68 

.68 

.68 

64 

.79 

.80 

.83 

.86 

.88 

.91 

.91 

.91 

.91 

.91 

.91 

65 

.99 

1.00 

1.04 

1.08 

1.10 

,1.12 

1.13 

1.13 

1.14 

1.14 

1.14 

66 

1.19 

1.21 

1.25 

1.30 

1.32 

1.35 

1.36 

1J6 

1.36 

1.36 

1.36 

67 

1.39 

1.41 

1.45 

1.50 

1.54 

1.57 

1.58 

1.59 

1.68 

1.60 

1.60 

68 

1.58 

1.64 

1.68 

1.72 

1.76 

1.79 

1.80 

1.81 

1.82 

1.82 

1.82 

69 

1.77 

1.82 

1.86 

1.91 

1.96 

2.00 

2.02 

2.03 

2.04 

2.04 

ZJA 

70 

1.97 

2.02 

2.08 

2.U 

2.18 

2.22 

2.24 

2.26 

2.27 

2.27 

ion 

72 

2.36 

2.42 

2.48 

2.54 

2.60 

2.66 

2.68 

2.70 

2.71 

2.72 

2,n 

74 

2.74 

2.81 

2.88 

2.96 

3.04 

3.10 

3.12 

3.15 

3.16 

3.18 

3.18 

76 

3.14 

3.21 

3.30 

3.38 

3.46 

3.52 

3.56 

3.58 

3.60 

3.63 

3.64 

78 

3.51 

3.61 

3.70 

3.78 

3.86 

3.95 

3.99 

4.03 

4.06 

4.08 

4M 

80 

3.90 

4.00 

4.10 

4.19 

4.28 

4.37 

4.42 

4.48 

4.51 

4.53 

4.54 

82 

4.29 

4.40 

4.50 

4.60 

4.70 

4.80 

4.86 

4.91 

4.9S 

4.98 

5.00 

84 

4.68 

AM 

4.91 

5.02 

5.12 

5.24 

5.30 

5.35 

5.40 

5.42 

5.44 

86 

5.07 

5.20 

5.32 

5.44 

5.54 

5.64 

5.72 

5.79 

5.84 

5.88 

5.90 

88 

5.46 

5.68 

5.72 

5.84 

5.95 

6.06 

6.14 

6.20 

6.26 

6.31 

6J4 

90 

5.84 

5.98 

6.12 

6J4 

6J6 

6.46 

6.55 

6.62 

6.68 

6.74 

6.78 

92 

6.23 

6.38 

6.52 

6.66 

6.77 

6.87 

6.97 

ISA 

7.12 

7.18 

7.22 

94 

1.62 

6.78 

6.93 

7.06 

7.18 

7.29 

7.38 

7.47 

7.54 

7.61 

7.66 

96 

7.08 

7.17 

7.32 

7.46 

7.60 

7.71 

7.82 

7.90 

7.98 

8.06 

8.10 

98 

7.40 

7.57 

7.72 

1X1 

8.01 

8.12 

8.24 

8.33 

8.42 

8.50 

8.54 

100        1 

7.78 

7.96 

8.12 

8.28 

8.42 

8.55 

8.68 

8.76 

8.84 

8.91 

9M 
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TABLE  5. — ^Temperature  Corrections  to  Readings  of  Alcoholometers  (Standard 

at  60""  F)— Continued 


1 

Observed  Per  Cent  Alcohol  by  Volume 

ObMmd 

TMven- 

tonln 

36 

37 

38 

39 

40 

45 

50 

55 

60 

65 

70 

DiflMS 

WOtnahM 

Add  to  Obeerved  Per  Cent  Alcohol 

SO 

2.28 

2.27 

2.26 

2.25 

2.24 

2.14 

2.04 

1.98 

1.90 

1.85 

1.78 

51 

2.06 

2.04 

2.03 

2.03 

2.02 

1.91 

1.84 

1.78 

1.71 

1.66 

1.60 

52 

1.82 

1.80 

1.80 

1.80 

1.79 

1.71 

1.64 

1.58 

1.52 

1.47 

1.42 

53 

1.60 

1.58 

1.58 

1.58 

1.56 

1.50 

1.44 

1.38 

1.33 

1.29 

1.2s 

54 

1.37 

1.36 

1.36 

1.36 

1.34 

1.28 

1.23 

1.19 

1.14 

1.11 

1.08 

55 

1.14 

1.13 

1.13 

1.13 

1.11 

1.06 

1.02 

.99 

.95 

.92 

.90 

56 

.91 

.90 

.90 

.90 

.89 

.85 

.81 

.79 

.76 

.74 

.72 

57 

.68 

.67 

.68 

.68 

.67 

.64 

.61 

.59 

.57 

.55 

.54 

58 

.46 

.46 

.46 

.46 

.45 

.42 

.40 

.39 

.39 

.38 

.36 

59 

.23 

.23 

.23 

.23 

.23 

.21 

.20 

.20 

.19 

.18 

.18 

SubCrMt  from  ObMrved  Per  Cent  Alcohol 

61 

0.23 

0.23 

0.23 

0.23 

0.23 

0.22 

0.21 

0.20 

0.20 

0.18 

0.18 

62 

.46 

.46 

.46 

.45 

.45 

.44 

.42 

.40 

M 

.38 

.36 

63 

.68 

.68 

.68 

.68 

.68 

.66 

.62 

.60 

M 

.56 

.54 

64 

.92 

.92 

.91 

.90 

.90 

.87 

.84 

.81 

.78 

.75 

.72 

65 

1.14 

1.14 

1.13 

1.12 

1.12 

1.09 

1.05 

1.01 

.97 

.94 

.90 

66 

L37 

1.36 

1.36 

1.35 

1.34 

1.30 

1.25 

1.21 

1.17 

1.13 

1.09 

67 

L60 

1.60 

1.60 

1.58 

1.56 

1.52 

1.46 

1.41 

1.37 

1.32 

1.27 

68 

1.82 

1.82 

1.81 

1.80 

1.79 

1.74 

1.66 

1.61 

1.55 

1.50 

1.45 

69 

2.04 

2.03 

2.03 

2.03 

2.01 

1.96 

1.88 

1.81 

1.75 

1.69 

1.63 

70 

2.27 

2.27 

2.26 

2.25 

2.24 

2.17 

2.09 

2.02 

1.95 

1.88 

1.82 

72 

2.72 

2.72 

2.72 

2.70 

2.68 

2.61 

2.51 

2.42 

2.34 

2.26 

2.18 

74 

3.18 

3.17 

3.17 

3.16 

3.14 

3UH 

2.93 

2.83 

2.73 

2.65 

2.56 

76 

3.63 

3.62 

3.62 

3.60 

3.58 

3.47 

3.35 

3.24 

3.13 

3.03 

2.93 

78 

4M 

4.08 

4.07 

4.06 

4.02 

3.92 

3.78 

3.64 

3.53 

3.42 

3.30 

80 

AM 

4.53 

4.52 

4.50 

4.48 

4.36 

4.20 

AM 

3.93 

3.80 

3.68 

82 

5M 

AM 

4.96 

4.96 

4.94 

4.81 

4.63 

4.47 

4.33 

4.19 

4.06 

84 

5.45 

5.44 

5.43 

5.40 

5.38 

5.25 

5.06 

4.88 

4.73 

4.58 

4.44 

86 

5.90 

5.89 

5.88 

5.86 

5.84 

5.70 

5.49 

5.30 

5.14 

4.98 

4.82 

88 

6.35 

6J4 

6.33 

6.31 

6.29 

6.14 

5.92 

5.72 

5.54 

5.37 

5.20 

90 

6M 

6M 

6.78 

6.76 

6.73 

6.58 

6J6 

6.14 

5.95 

5.76 

5.59 

92 

7.25 

7.25 

7.22 

7.20 

7.18 

7.03 

6.80 

6J6 

6.36 

6.16 

5.98 

94 

7.70 

7.70 

7.67 

7.66 

7.63 

7.48 

7.24 

6.98 

6.77 

6.56 

6J7 

96 

844 

8.15 

8.12 

8.11 

9JX 

7.92 

7.68 

7.40 

7.19 

6.96 

6.76 

98 

8J8 

8.60 

8.58 

8.56 

8.54 

8.36 

8.11 

7.82 

7.60 

7J6 

7.1s 

100 

9UB 

9JM 

9.03 

9M 

8.98 

8.81 

8.45 

8.25 

8.02 

7.76 

7.54 
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TABLE  5. — ^Tempexature  Corrections  to  Readings  of  Alcoholometers  (Standard 

at  60""  F)— Continued 


ObMrvM  Per  emit  Alodbol  t>7  Volume 

Obsarved 

Tempwi- 

tnrein 

75 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

Defrees 

Fahienbett 

^ 

Add  to  Obeeived  Per  Cent  Alcohol 

50 

1.71  ' 

1.63 

1.62 

1.60 

138 

1.56 

133 

131 

1.48 

1.46 

1.43 

SI 

1.54 

1.47 

1.46 

1.44 

1.42 

1.40 

138 

136 

133 

131 

1.28 

52 

1.36 

1.30 

130 

138 

136 

1.24 

132 

1.20 

1.18 

1.16 

1.14 

53 

1.20 

1.15 

1.14 

1.12 

1.11 

1.09 

1.07 

1.06 

1.04 

1.02 

1.00 

54    * 

1.04 

.98 

.98 

.96 

.95 

.94 

.92 

.91 

39 

38 

36 

55 

.87 

.82 

31 

30 

.79 

.78 

.76 

.75 

.74 

.74 

.72 

56 

.70 

.66 

.65 

.64 

.63 

.62 

31 

.60 

39 

38 

37 

57 

.53 

.49 

.49 

.49 

M 

.47 

.46 

.46 

.45 

.44 

.43 

58 

.34 

.32 

32 

32 

31 

30 

30 

30 

.30 

39 

.28 

59 

.17 

.16 

.16 

.16 

.16 

.15 

.15 

.15 

.15 

.15 

.14 

SnuuMi  bwuk  Odsuwq  Fm  Cent  Alodbol 

61 

0.17 

0.17 

0.17 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.15 

62 

J4 

.34 

.34 

32 

32 

32 

32 

31 

31 

31 

30 

63 

.52 

.50 

.50 

.48 

.48 

.48 

.48 

.47 

.46 

.46 

.44 

64 

.70 

.68 

.66 

.65 

.65 

.64 

.63 

32 

31 

.60 

39 

65 

.86 

.84 

32 

32 

31 

30 

.79 

.78 

.77 

.76 

.74 

66 

1.05 

1.00 

.99 

.98 

.97 

.96 

.94 

.93 

.92 

.90 

38 

67 

1.22 

1.17 

1.16 

1.14 

1.13 

1.12 

1.10 

1.09 

138 

1.06 

1.02 

68 

1.40 

133 

132 

131 

139 

1.28 

1.26 

1.24 

1.22 

130 

1.17 

69 

1.57 

130 

1.49 

1.47 

1.46 

1.44 

1.42 

1.40 

138 

136 

1.32 

70 

1.75 

138 

1.66 

1.64 

1.62 

1.60 

138 

136 

134 

131 

1.48 

72 

2.10 

2.02 

2.00 

1.97 

1.95 

1.93 

1.90 

138 

135 

132 

1.78 

74 

2.46 

236 

234 

230 

238 

2.26 

2.24 

230 

2.17 

2.13 

2.09 

76 

2.81 

2.70 

2.68 

2.64 

231 

239 

236 

232 

2.48 

2.44 

2.40 

78 

3.18 

3.04 

3.02 

2.96 

2.94 

2.92 

2.88 

234 

230 

2.76 

2.71 

80 

3.54 

338 

336 

332 

3.28 

336 

3.22 

3.17 

3.13 

338 

332 

82 

3.90 

3.72 

3.71 

3.66 

3.62 

339 

334 

3.50 

3.45 

3.40 

333 

84 

4.27 

4.08 

4.05 

430 

3.96 

3.92 

338 

333 

3.77 

3.72 

3.65 

86 

4.64 

4.43 

439 

435 

430 

436 

431 

4.16 

4.10 

4.04 

3.96 

88 

5.00 

4.78 

4.75 

4.70 

4.65 

4.60 

435 

430 

4.44 

437 

439 

90 

537 

5.14 

5.10 

536 

530 

4.95 

438 

433 

4.77 

4.70 

431 

92 

5.75 

5.50 

5.46 

5.42 

536 

530 

533 

5.18 

5.10 

533 

4.94 

94 

6.12 

5.86 

531 

5.76 

5.70 

5.64 

538 

531 

5.44 

536 

536 

96 

6.50 

6.23 

6,17 

6.12 

6.06 

5.99 

5.92 

536 

5.78 

539 

539 

98 

6.88 

6.60 

6.50 

6.48 

6.41 

634 

6.26 

630 

6.11 

6.02 

5.92 

100 

7.26 

6.96 

639 

634 

6.76     J 

6.70 

6.61 

634 

6.44 

636 

636 
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TABLE 


5. — ^Temperature  Corrections  to  Readings  of  Alcoholometers  (Standard 
at  60''  F)— Continued 


Observed  Per  Cent  Alcohol  by  Volume 

^>mn9d 

^Sff" 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

Add  to  GbMrvdd  Per  CMit  Alcohol 

50 

1^ 

1J6 

132 

1.27 

1.22 

1.17 

1.12 

1.06 

0.99 

0.93 

51 

1.25 

1.22 

1.18 

1.14 

1.10 

1.06 

1.01 

.95 

.89 

.84 

52 

1.12 

1.09 

1.06 

1.02 

.98 

.94 

•90 

.85 

.79 

.74 

53 

.96 

.96 

.93 

.90 

.86 

.83 

.79 

.74 

.70 

.65 

54 

.84 

.82 

.80 

.77 

.74 

.72 

.68 

.64 

.60 

.56 

'^'.'.V.V. 

55 

.70 

.69 

.66 

.64 

.62 

.60 

.57 

.53 

.50 

.47 

56 

M 

.55 

.53 

.52 

.49 

.48 

.45 

.43 

.40 

.38 

57 

.42 

.41 

.40 

.39 

.37 

.36 

M 

.32 

.30 

.29 

58 

M 

.27 

.26 

.26 

.24 

.24 

.23 

.21 

.20 

.19 

59 

.14 

.14 

.13 

.13 

.12 

.12 

.12 

.11 

.10 

.10 

Subtract  tnmi  OlMeived  Pw  CMt  Alodbol 

61 

0.15 

0.14 

0.14 

0.13 

0.13 

0.12 

0.12 

0.11 

0.10 

0.10 

009 

62 

.29 

.28 

.27 

.26 

.25 

.24 

.23 

.22 

.21 

.19 

.18 

63 

.43 

.42 

.41 

.39 

.38 

.36 

.35 

.33 

.31 

.29 

.27 

64 

.58 

.55 

.54 

.52 

.51 

.49 

.46 

.44 

.41 

.39 

36 

65 

.72 

.70 

.68 

.66 

.64 

.61 

.58 

.55 

.52 

.49 

.46 

66 

.86 

.84 

.82 

.79 

.76 

.73 

.70 

.67 

.63 

.59 

35 

67 

IM 

.98 

.96 

.93 

.90 

.86 

.82 

.78 

.74 

.70 

34 

68 

1.15 

1.12 

IM 

1.06 

1.02 

.98 

.94 

.  .90 

.85 

.80 

.74 

69 

1.30 

1.26 

1.23 

1.20 

1.16 

1.10 

1.06 

•1.02 

.96 

.90 

34 

70 

1.45 

L41 

1.37 

1.34 

1.29 

1J3 

1.19 

1.14 

1.07 

IM 

.94 

72 

1.74 

1.7a 

1.65 

1.61 

1.55 

1.49 

1.43 

1.37 

1.30 

1.22 

1.13 

74 

2M 

2.00 

1.94 

1.89 

1.82 

1.75 

1.69 

1.61 

1.53 

1.43 

133 

76 

2.35 

2.29 

2.23 

2.17 

2.09 

ZJOl 

1.94 

1.85 

1.76 

1.65 

133 

78 

2.65 

2.59 

2.52 

2.46 

2.36 

2.28 

2.20 

2.10 

2.00 

1.87 

1.73 

80 

2.96 

2.89 

2.82 

2.74 

2.64 

2.56 

2.46 

2.35 

2.24 

2.09 

1.98 

82 

3.26 

3.20 

3.12 

30)3 

2.92 

2.84 

2.72 

2.60 

2.48 

2.32 

2.14 

84 

8.57 

3J0 

3.39 

3.32 

3.21 

3.10 

2.96 

2.86 

2.73 

2.56 

236 

86 

3.89 

3.80 

3.72 

3.62 

3.51 

3.38 

3.26 

3.13 

2.98 

2.80 

238 

88 

4.20 

4.12 

AJ02 

3.91 

3.80 

3.66 

3.54 

3.39 

3.24 

3.06 

231 

90 

4.52 

4.42 

4.32 

4.20 

4.08 

3.94 

3.81 

3.66 

3.50 

3.30 

338 

92 

iM 

4.74 

4.62 

4.50 

4.38 

4.23 

4.10 

3.93 

3.76 

3.55 

336 

94 

5.16 

SM 

4.94 

4.80 

4.67 

4.52 

4.38 

4.20 

4U>2 

3.80 

330 

96 

5.49 

5.39 

5.25 

5.11 

4.97 

4.82 

4.67 

4.48 

4.29 

4X6 

3.73 

96 

5.82 

5.70 

5.56 

5.42 

5.27 

5.12 

4.95 

4.76 

4.55 

431 

336 

100 

6.15 

6.02 

5.88 

5.74 

5.58 

5.42 

5.24 

SJA 

4.82 

436 

4.21 
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TABLE  6. — Percentages  by  Volume  at  60°  F,  Corresponding  to  Various  Percentages 
by  Weight  m  Mixtures  of  Ethyl  Alcohol  and  Water 


PwCent 

Tenths  of  Per  Cent 

Alcohol 

wScht 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.000 

0.126 

0.252 

0.378 

0.504 

0.630 

0.755 

0.881 

1.007 

1.132 

1 

1.2S7 

1.382 

1.508 

1.633 

1.759 

1.884 

2.009 

2.134 

2.260 

2.385 

2 

2.510 

2.635 

2.760 

2.885 

3.010 

3.135 

3.259 

3.384 

3309 

3.633 

3 

3.758 

3.883 

4.007 

4.132 

4.256 

4.381 

4.505 

4.629 

4.754 

4.878 

4 

5.002 

5.126 

5.250 

5.374 

5.499 

5.623 

5.747 

5371 

5.995 

6.119 

5 

6.243 

6.367 

6.491 

6.614 

6.738 

6.862 

6.985 

7.109 

7.232 

7356 

6 

7.479 

7.602 

7.726 

7.849 

7.972 

8.096 

8.219 

8342 

8.466 

8389 

7 

8.712 

8.835 

8.958 

9.081 

9.205 

9.328 

9.451 

9.574 

9.697 

9.820 

8 

9.943 

10.066 

10.189 

10.311 

10.434 

10.557 

10.679 

10302 

10.925 

11.047 

9 

11.169 

11.292 

11.414 

11.536 

11.659 

11.781 

11.904 

12.026 

12.149 

12371 

10 

12.393 

12.515 

12.637 

12.760 

12.882 

13.004 

13.126 

13.248 

13370 

13.492 

11 

13.613 

13.735 

13.857 

13.979 

14.101 

14.223 

14345 

14.466 

14.588 

14.710 

12 

14.832 

14.954 

15.075 

15.197 

15.319 

15.440 

15362 

15.683 

15305 

15.926 

13 

16.047 

16.168 

16.290 

16.411 

16.532 

16.654 

16.775 

16.896 

17.017 

17.138 

14 

17.259 

17.380 

17.501 

17.622 

17.743 

17.864 

17.985 

18.106 

18327 

18348 

IS 

18.469 

18.590 

18.711 

18.832 

18.952 

19.073 

19.194 

19315 

19.435 

19356 

16 

19.676 

19.797 

19.917 

20.038 

20.158 

20.279 

20399 

20319 

20.640 

20.760 

17 

20.880 

21.000 

21.120 

21.241 

21.361 

21.481 

21.601 

21.721 

21341 

21.961 

18 

22.061 

22.201 

22.321 

22.441 

22.561 

22.680 

22.800 

22.919 

23.039 

23.159 

19 

23.278 

23.398 

23.517 

23.636 

23.756 

23.876 

23.995 

24.114 

24.234 

24353 

20 

24.472 

24.591 

24.710 

24.829 

24.949 

25.068 

25.187 

25.305 

25.424 

25.543 

21 

25.662 

25.781 

25.900 

26.018 

26.137 

26.256 

26.375 

26.493 

26.612 

26.730 

22 

26.849 

26.968 

27.086 

27.204 

27.323 

27.441 

27.559 

27.677 

27.796 

27.914 

23 

28.032 

28.150 

28.268 

28.386 

28.504 

28.622 

28.740 

28358 

28.976 

29.093 

24 

29.210 

29328 

29.446 

29.563 

29.681 

29.799 

29.917 

30.035 

30.152 

30370 

2S 

30.388 

30.505 

30.622 

30.739 

30.855 

30.972 

31.089 

31.205 

31322 

31.438 

26 

31.555 

31.672 

31.788 

31.905 

32.021 

32.138 

32.254 

32370 

32.487 

32.603 

27 

32.719 

32.835 

32.951 

33.068 

33.184 

33.300 

33.416 

33.532 

33.647 

33.763 

28 

33.879 

33.995 

34.111 

34.227 

34.342 

34.458 

34.573 

34.688 

34303 

34.918 

29 

35.033 

35.148 

35.263 

35.378 

35.493 

35.608 

35.723 

35.838 

35.952 

36.066 

30 

36.181 

36.296 

36.410 

36.524 

36.639 

36.753 

36.867 

36.981 

37.095 

37.209 

31 

37.323 

37.437 

37.551 

37.664 

37.778 

37.892 

38.005 

38.119 

38.232 

38346 

32 

38.459 

38.572 

38.686 

38.799 

38.912 

39.025 

39.138 

39.251 

39364 

39.477 

33 

39.590 

39.703 

39.816 

39.928 

40.041 

40.154 

40.266 

40379 

40.492 

40.604 

34 

40.716 

40.828 

40.940 

41.052 

41.163 

41.275 

41.386 

41.498 

41.609 

41.721 

3S 

41.832 

41.943 

42.055 

42.166 

42.277 

42.389 

42.500 

42.611 

42.722 

42333 

36 

42.944 

43.055 

43.165 

43.276 

43.387 

43.498 

43.608 

43.719 

43.829 

43.939 

37 

44.050 

44.160 

44.270 

44.381 

44.490 

44.600 

44.710 

44.820 

44.930 

45.039 

38 

45.149 

45.259 

45.368 

45.478 

45.587 

45.696 

45.806 

45.915 

46.024 

46.133 

39 

46.242 

46.351 

46.460 

46.569 

46.678 

46.786 

46.895 

47.003 

47.112 

47.220 

40 

47.328 

47.436 

47.544 

47.652 

47.760 

47.868 

47.976 

48.084 

48.192 

48.299 

41 

48.407 

48.515 

48.622 

48.730 

48.837 

48.945 

49.052 

49.159 

49.266 

49373 

42 

49.480 

49.587 

49.694 

49.801 

49.907 

50.014 

50.120 

50.226 

50333 

50.439 

43 

50.545 

50.651 

50.757 

50.864 

50.970 

51.076 

51.182 

51.288 

51394 

51.499 

44 

51.605 

51.711 

51.816 

51.922 

52.027 

52.132 

52.238 

52.343 

52.448 

52353 

45 

52.658 

52.763 

52.868 

52.973 

53.078 

53.182 

53.287 

53392 

53.496 

53.601 

46 

53.705 

53.809 

53.914 

54.018 

54.122 

54.226 

54.330 

54.434 

54.538 

54.642 

47 

54.746 

54.850 

54.954 

55.057 

55.161 

55.264 

55.368 

55.471 

55.574 

55.677 

48 

55.780 

55.883 

55.986 

56.089 

56.192 

56.293 

56.398 

56300 

56.603 

56.706 

49 

56.808 

56.910 

57U)13 

57.116 

57.218 

57.320 

57.422 

57.522 

57.626 

57.728 

SO 

57.830 

57.932 

58.034 

58.135 

58.237 

58338 

58.440 

58341 

58342 

58.743 
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TABLE  6. — Percentages  by  Volume  at  60®  F,  Corresponding  to  Various  Ferceniages 
by  Weight  in  liExtures  of  Ethyl  Alcohol  and  Water — Continued 


PwCent 

Tenths  of  Per  Cent 

Alnbol 

wScht 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50 

57.830 

57.932 

58.034 

58.135 

58.237 

58.338 

58.440 

58.541 

58.642 

58.743 

51 

5&844 

58.945 

59.046 

59.147 

59.248 

59349 

59.450 

59.550 

59.651 

59.752 

52 

59.852 

59.952 

60.053 

60.154 

60.254 

60.354 

60.454 

60.554 

60.654 

60.754 

53 

60.854 

60.954 

61.054 

61.154 

61.254 

61.353 

61.453 

61.552 

61.652 

61.751 

54 

61.850 

61.949 

62.048 

62.147 

62.246 

62.344 

62.443 

62.542 

62.640 

62.738 

55 

62.837 

62.936 

63.034 

63.132 

63.231 

63.329 

63.427 

63326 

63.624 

63.722 

56 

6X820 

63.918 

64.016 

64.114 

64.212 

64310 

64.408 

64.505 

64.603 

64.701 

57 

64.798 

64.895 

64.993 

65.090 

65.188 

65.285 

65382 

65.479 

65.575 

65.672 

58 

65.768 

65.865 

65.961 

66.058 

66.154 

66.251 

66.347 

66.444 

66.540 

66.636 

59 

66.732 

66.828 

66.924 

67.020 

67.116 

67.212 

67308 

67.404 

67.499 

67.595 

60 

67.690 

67.785 

67.881 

67.976 

68.071 

68.166 

68.261 

68.356 

68.451 

68.546 

61 

68.641 

68.736 

68.831 

68.925 

69.020 

69.115 

69.209 

69304 

69.398 

69.492 

62 

69.586 

69.580 

69.774 

69.868 

69.962 

70.056 

70.149 

70.243 

70336 

70.430 

63 

70.523 

70.616 

70.710 

70.803 

70.897 

70.990 

71.083 

71.176 

71.269 

71362 

64 

71.455 

71.548 

71.641 

71.733 

71.826 

71.918 

72.011 

72.103 

72.196 

72.288 

65 

72.380 

72.472 

72.564 

72.656 

72.748 

72.840 

72.932 

73.024 

73.116 

73.207 

66 

73.299 

73.391 

73.482 

73.574 

73.665 

73.756 

73.847 

73.938 

74.029 

74.120 

67 

74.211 

74.302 

74.393 

74.484 

74.575 

74.665 

74.756 

74.846 

74.937 

75.027 

68 

75.117 

75.207 

75.297 

75.387 

75.477 

75.567 

75.657 

75.747 

75337 

75.926 

69 

76.016 

76.106 

76.195 

76.285 

76.374 

76.464 

76.553 

76.642 

76.731 

76.820 

70 

76.909 

76.998 

77.087 

77.176 

77.264 

77.353 

77.441 

77.529 

77.618 

77.706 

71 

77.794 

77.882 

77.970 

78.058 

78.146 

78.234 

78322 

78.410 

78.497 

78384 

72 

78.672 

78.760 

78.847 

78.934 

79.022 

79.109 

79.196 

79.283 

79370 

79.457 

73 

79.544 

79.631 

79.718 

79.805 

79.892 

79.978 

80.065 

80.151 

80.238 

80.324 

74 

80.410 

80.496 

80.582 

80.668 

80.754 

80.840 

8a926 

81.012 

81.098 

81.183 

75 

81.269 

81.355 

81.440 

81.526 

81.611 

81.696 

81.781 

81.866 

81.951 

82.036 

76 

82.121 

82.206 

82.291 

82.376 

82.461 

82.545 

82.630 

82.714 

82.799 

82383 

77 

82.967 

83.051 

83.135 

83.219 

a3.3a') 

83.387 

83.471 

83.555 

83.638 

83.722 

78 

83.805 

83.888 

83.972 

84.055 

84.138 

84.221 

84.304 

84387 

84.470 

84.553 

79 

84.636 

84.719 

84.801 

84.884 

84.966 

85.049 

85.131 

85.213 

85.295 

85377 

80 

85.459 

85.541 

85.623 

85.705 

85.787 

85.868 

85.950 

86.031 

86.113 

86.194 

81 

86.275 

86.356 

86.437 

86.518 

86.599 

86.680 

86.761 

86.842 

86.922 

87.002 

82 

87.083 

87.164 

87.244 

87.324 

87.405 

87.485 

87.565 

87.645 

87.725 

87.805 

83 

87.885 

87.965 

88.045 

88.124 

88.204 

88.283 

88.362 

88.441 

88.520 

88.599 

84 

88.678 

88,757 

88.836 

88.915 

88.994 

89.072 

89.151 

89.229 

89308 

89.386 

85 

89.464 

89.542 

89.620 

89.698 

89.776 

89.854 

89.932 

90.009 

90.086 

90.163 

86 

90.240 

90.317 

90.394 

90.471 

90.548 

90.625 

90.702 

90.779 

90.855 

90.932 

87 

91.008 

91.064 

91.161 

91.237 

91.313 

91.388 

91.464 

91.540 

91.615 

91.691 

88 

91.766 

91.841 

91.917 

91.992 

.92.068 

92.143 

92.218 

92.293 

92367 

92.442 

89 

92.517 

92.591 

92.666 

92.740 

92.814 

92.888 

92.962 

93.035 

93.108 

93.181 

90 

93.254 

•93.327 

93.400 

93.473 

93.546^ 

93.619 

93.692 

93.764 

93.837 

93.910 

91 

93.982 

94.054 

94.126 

94.198 

94.270 

94.342 

94.414 

94.486 

94.557 

94.629 

92 

94.700 

94.771 

94.842 

94.913 

94.984 

95.055 

95.126 

95.196 

95.267 

95337 

93 

95.407 

95.477 

95.547 

95.617 

95.687 

95.757 

95.826 

95.8^6 

95.965 

96.034 

94 

96.103 

96.172 

96.241 

96.310 

96.378 

96.447 

96.515 

96383 

96.652 

96.720 

95 

96.787 

96.855 

96.922 

96.990 

97.057 

97.125 

97.192 

97.259 

97326 

97.392 

96 

97.459 

97.526 

97.592 

97.658 

97.724 

97.790 

97.856 

97.921 

97.987 

98.052 

97 

98.117 

98.182 

98.247 

98.312 

98.376 

98.440 

98.505 

98.569 

98.633 

98.696 

98 

98.759 

98.822 

96.886 

98.949. 

99.012 

99.075 

99.137 

99.200 

99.262 

99324 

99 

99.386 

99.448 

99.510 

99.572 

99.633 

99.695 

99.756 

99.817 

99378 

99.939 

100 

100.000 

- 
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TABLE  7. — Percentages  by  Weight,  Corresponding  to  Various  Percentages  by  Vol- 
ume at  &f  F  m  Mixtures  of  Ethyl  Alcohol  and  Water 


Per  Cent  Alcohol 

by  Volume  at 

60»F 

Per  Cent  Akehol 
by  Weight 

Differences 

Per  Cent  Alcohol 

by  Volume  at 

60»F 

Per  Cent  Alcohol 
by  Weight 

Differences 

0 

0.000 

SO 

42.487 

1 

0.795 

0.795 

51 

43.428 

0.941 

2 

1.593 

.798 

52 

44.374 

.946 

3 

2.392 

.799 

53 

45.326 

.952 

4 

3.194 

.802 
.804 

54 

46.283 

.957 
.962 

5 

3.998 

55 

47.245 

6 

4.804 

.806 

56 

48.214 

.969 

7 

5.612 

.808 

57 

49.187 

.973 

8 

6.422 

.810 

58 

50.167 

.980 

9 

7.234 

.812 
.813 

59 

51.154 

.987 
.993 

10 

8.047 

60 

52.147 

11 

8.862 

.815 

61 

53.146 

.999 

12 

9.679 

.817 

62 

54.152 

1.006 

13 

10.497 

.818 

63 

55.165 

1.013 

14 

11.317 

.820 
.821 

64 

56.184 

1.019 
1.024 

15 

12.138 

65 

57.208 

16 

12.961 

.823 

66 

58,241 

1.033 

17 

13.786 

.825 

67 

59.279 

1.038 

18 

14.612 

.826 

68 

60.325 

1.046 

19 

15.440 

.828 
.829 

69 

61.379 

1.054 
1.062 

20 

16.269 

70 

62.441 

21 

17.100 

.831 

71 

63.511 

1.070 

22 

17.933 

.833 

72 

64.588 

1.077 

23 

18.768 

.835 

73 

65.674 

1.086 

24 

19.604 

.836 
.839 

74 

66.768 

1.094 
1.102 

25 

20.443 

75 

67.870 

26 

21.285 

.842 

76 

68.982 

1.112 

27 

22.127 

.842 

77 

70.102 

1.120 

28 

22.973 

.846 

78 

71.234 

1.132 

29 

23.820 

.847 
.850 

79 

72.375 

1.141 
1.151 

30 

24.670 

80 

73.526 

31 

25.524 

.854 

81 

74.686 

1.160 

32 

26.382 

.858 

82 

75.858 

1.172 

33 

27.242 

.860 

83 

77.039 

1.181 

34 

28.104 

.862 
.867 

84 

78.233 

1.194 
1.206 

35 

28.971 

85 

79.441 

36 

29.842 

.871 

86 

80.662 

1.221 

37 

30.717 

.875 

87 

81.897 

1.235 

38 

31.596 

.879 

88 

83.144 

1.247 

39 

32.478 

.882 
.886 

89 

84.408 

1.264 
1.281 

40 

33.364 

90 

85.689 

41 

34.254 

.890 

91 

86.989 

1.300 

42 

35.150 

.896 

92 

88.310 

1.321 

43 

36.050 

.900 

93 

89.652 

1.342 

44 

36.955 

.905 
.910 

94 

91.025 

1.373 
1.398 

45 

37.865 

95 

92.423 

46 

38.778 

.913 

96 

93.851 

1.428 

47 

39.697 

.919 

97 

95.315 

1.464 

48 

40.622 

.925 

98 

96.820 

1.505 

49 

41.551 

.929 
.936 

99 

98.381 

1.561 
1.619 

50 

42.487 

100 

100.000 
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TABLE  9.— Density  at  IS*"  C  of  Mixtures  (by  weight)  of  Methyl  Alcohol  and  Water 

[Calcntoted  from  the  fpedflc  gnvlty  deCennlnttioiu  of  Dorotheirikll  and  Roilideit?eiiikil  at  ~^C>] 


Par  Cent  Methyl 
Akahelbj  Weight 


D^C 


Dffferences 


Per  Cent  Methyl 

i>^;c 

Alcohol  hy  Weight 

50 

0.91852 

SI 

.91653 

S2 

.91451 

53 

.91248 

54 

.91044 

55 

.90839 

56 

.90631 

57 

.90421 

58 

.90210 

59 

60 

.89781 

61 

.89563 

62 

.89341 

63 

.89117 

64 

.88890 

65 

.88662 

66 

.88433 

67 

68 

.87971 

69 

.87739 

70 

.87507 

71 

.87271 

72 

.87033 

73 

.86792 

74 

.86546 

75 

•86300 

76 

.86051 

77 

.85801 

78 

.85551 

79 

.85300 

80 

.85048 

81 

.84794 

82 

.84536 

83 

.84274 

84 

.84009 

85 

.83742 

86 

.83475 

87 

.83207 

88 

.82937 

89 

.82667 

90 

.82396 

91 

.82124 

92 

.81849 

93 

.81568 

94 

.81285 

95 

.80999 

96 

.80713 

97 

.80428 

98 

.80143 

99 

.79859 

Dhfeiencee 


0 
1 
2 
3 

4 

5 

6 
7 
8 

9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 

37 


40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 


0.99913 
.99727 
.99543 
.99370 
.99198 

.99029 
.98864 
.98701 
.98547 
.98394 

.98241 
.98093 
.97945 
.97802 
.97660 

.97518 
.97377 
.97237 
.97096 
.96955 

.96814 
.96673 
.96533 
.96392 
.96251 

.96108 
.95963 
.95817 
.95668 
.95518 

.95366 

.95213 
.95056 
.94896 
.94734 

.94570 
.94404 
.94237 
.94067 
.93894 

.93720 
.93543 
.93365 
.93185 
.93001 

.92815 
.92627 
.92436 
.92242 
.92048 

.91852 


0.00186 
184 
173 
172 
169 

165 
163 
154 
153 
153 

148 
148 
143 
142 
142 

141 
140 
141 
141 
141 

141 
140 
141 
141 
143 

145 
146 
149 
150 
152 

153 
157 
160 
162 
164 

166 
167 
170 
173 
174 

177 
178 
180 
184 
186 

188 
191 
194 
194 
196 


0.00199 
202 
203 
204 
205 

208 
210 
211 
214 
215 

218 
222 
224 
227 
228 

229 
230 
232 
232 
232 

236 
238 
241 
246 
246 

249 
250 
250 
251 
252 

254 

258 
262 
265 
267 

^ 

270 
270 
271 

272 
275 
281 
283 
286 

286 
285 
285 

284 
282 


100 


.79577 


>  J.  Russ.,  Phys.  Chem.  Soc.,  41,  pp.  977-996;  1909* 
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150 
TABLE  10.— Specific  Gravity  at  jgo  C   of    Mixtures   (by  Volume)   of    Methyl 

Alcohol  and  Water 

ICakotated  fnm  tb»  nme  data  aa  Table  9] 


PwCentMcCbfl 

AkahollyyVol- 

osMatlSC 


Dij.C 


Par  Cant  Mediyl 

Ifferencaa 

AlcoholliyVol. 

nrne  at  15  C 

0.00149 
148 
143 
138 
139 

50 
51 
52 
53 
54 

137 
135 
134 
131 
125 

55 
56 

57 
58 

59 

125 
126 
123 
122 
122 

60 
61 
62 
63 
64 

119 
118 
118 
118 
117 

65 
66 
67 
68 
69 

118 
118 
119 
119 
119 

70 
71 
72 
73 
74 

120 
120 
121 
121 
122 

75 
76 
77 
78 
79 

125 
125 
128 
130 
132 

80 
81 
82 
83 
84 

133 
135 
138 
141 
143 

85 
86 
87 
88 

89 

145 
148 
150 
152 
155 

90 
91 
92 
93 
94 

157 
159 
163 
164 
167 

95 
96 
97 
98 
99 

D.c.C 


Difleranoaa 


0 
1 
2 

3 

4 

5 

6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 

34 

35 

36 
37 
38 

99 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 


lUMOOO 

.99851 
.99703 
.99560 
.99422 

.99283 
.99146 
.99011 
.98877 
.98746 

.98621 
.98496 
.98370 
.98247 
.98125 

.98003 
.97884 
.97766 
.97648 
.97530 

.97413 
.97295 
.97177 
.97058 
.96939 

.96820 
.96700 
.96580 
.96459 
.96338 

.96216 
.96091 
.95966 
.95838 
.95708 

.95576 
.95443 
.95308 
.95170 
.95029 

.94886 
.94741 
.94593 
.94443 
.94291 

.94136 
.93979 
.93820 
.93657 
.93493 

.93326 


0.93326 
.93155 
.92982 
.92806 
.92626 

.92443 
.92256 
.92067 
.91877 
^1682 

•91483 
.91282 
.91079 
.90873 
.90663 

.90450 
.90234 
.90014 
.89790 
.89561 

.89327 
.89088 
.88844 

.88596 
.88346 

.88092 
.87836 
.87578 
.87312 
.87040 

.86760 
.86474 
.86180 


100 


.85582 

.85276 
.84967 
.84646 
.84314 
.83971 

.83623 
.83269 
.82907 
.82538 
.82163 

.81772 
.81363 
.80942 
.80514 
.80082 

.79647 


0.00171 
173 
176 
180 
183 

187 
189 
190 
195 
199 

201 
203 
206 
210 
213 

216 
220 
224 
229 
234 

239 
244 
248 
250 
254 

256 
258 
266 
272 
280 

286 
294 
297 
301 
306 

309 
321 
332 
343 
348 

354 
362 
369 
375 
391 

409 
421 
428 
432 
435 
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TABLE  11. — Percentages  by  Volume  at  15°  C,  Corresponding  to  Various  Percent- 
ages by  Weight  m  Mixtures  of  Methyl  Alcohol  and  Water 


Per  Cent  by 

Per  Cent  by  Vol- 

Weight 

ume  at  15*  C 

0.000 

1.253 

2.502 

3.746 

4.986 

6.222 

7.454 

8.682 

9.907 

11.128 

12.345 

13.559 

14.770 

15.977 

17.181 

18.382 

19.579 

20.773 

21.963 

23.149 

20 

24.332 

21 

25.512 

22 

26.688 

23 

27.860 

24 

29.029 

25 

30.193 

26 

31.354 

27 

32.510 

28 

33.662 

29 

34.809 

.30 

35.952 

31 

37.091 

32 

38.224 

33 

39.352 

34 

40.476 

35 

41.594 

36 

42.708 

37 

43.816 

38 

44.919 

39 

46.016 

40 

47.109 

•   41 

48.195 

42 

49.277 

43 

50.353 

44 

51.422 

45 

52.486 

46 

53.544 

47 

54.595 

48 

55.639 

49 

56.678 

50 

57.712 

Differences 


Per  Cent  by 

Per  Cent  by  Vol- 

Weight 

ume  at  15"  C 

SO 

57.712 

51 

58.739 

52 

59.759 

53 

60.773 

54 

61.781 

55 

62.783 

56 

63.778 

57 

64.767 

58 

65.750 

59 

66.725 

60 

67.693 

61 

68.654 

62 

69.607 

63 

70.552 

64 

71.490 

65 

72.420 

66 

73.344 

67 

74.262 

68 

75.172 

69 

76.077 

70 

76.976 

71 

77.864 

72 

78.746 

73 

79.618 

74 

80.480 

75 

81.336 

76 

82.182 

77 

83.022 

78 

83.855 

79 

84.680 

80 

85.499 

81 

86.310 

82 

87.110 

83 

87.899 

84 

88.677 

85 

89.448 

86 

90.212 

87 

90.968 

88 

91.716 

89 

92.456 

90 

93.188 

91 

93.912 

92 

94.627 

93 

95.326 

94 

96.017 

95 

96.697 

96 

97.370 

97 

98.036 

98 

98.696 

99 

99.351 

Differencee 


1.253 
1.249 
1.244 
1.240 
1.236 

1.232 
1.228 
1.225 
1.221 
1.217 

1.214 
1.211 
1.207 
1.204 
1.201 

1.197 
1.194 
1.190 
1.186 
1.183 

1.180 
1.176 
1.172 
1.169 
1.164 

1.161 
1.156 
1.152 
1.147 
1.143 

1.139 
1.133 
1.128 
1.124 
1.118 

1.114 
1.108 
1.103 
1.097 
1.093 

1.086 
1.082 
1.076 
1.069 
1.064 

1.058 
1.051 
1.044 
1.039 
1.034 


1.027 
1.020 
1.014 
1.008 
1.002 

.995 
.989 
.983 
.975 
.968 

.961 
.953 
.945 
.938 
.930 

.924 
.918 
.910 
.905 
.899 


.882 
.872 
.862 
.856 

.846 
.840 
•833 

.825 
.81S 

.811 
.800 
.789 
.778 
.771 

.764 
.756 
.748 
.740 
.732 

.724 
.715 
.699 
.691 
.680 

.673 
.666 

.660 
.655 
.649 


100 


100.000 
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TABLE  12. — ^Temperature  Corrections  to  Readings  of  Saccharometers  (Standard  at 

20"  C) 

[This  table  li  calculated  usbig  the  data  on  th«rma]  expansion  of  sugar  solutions  by  Plato  <,  assuming  the  instrument  to  be  of 
Jena  16™  glass.  The  table  should  be  used  with  caution  and  only  for  approximate  results  when  the  temperature  differs 
much  from  the  standard  temperature  or  from  the  temperature  of  the  surrounding  air] 


Tempera- 

Observed Per  Cent  of  Sugar 

ture  in 

Degrees 

Cend- 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

grade 

Subtract  from  Observed  Per  cent 

10 

11 

12 
13 
14 

IS 
16 
17 
18 
19 

17.5 

15.56 
(60«F) 


21 
22 
23 
24 
25 

26 
27 
28 

29 
30 

35 

40 

45 

50 

55 

60 

27.5 


0.30 

0.49 

0.65 

0.77 

0.89 

0.99 

1.08 

1.16 

1.24 

131 

137 

1.41 

1.44 

.36 

.47 

.56 

.65 

.73 

.80 

.86 

.91 

.97 

LOl 

1.05 

1.08 

1.10 

.32 

.38 

.43 

.48 

.52 

.57 

.60 

.64 

.67 

.70 

.72 

.74 

.75 

.31 

.35 

.40 

.44 

.48 

.51 

.55 

.58 

.60 

.63 

.65 

.66 

.68 

.29 

.32 

.36 

.40 

.43 

.46 

.50 

.52 

.54 

.56 

.58 

39 

.60 

.26 

.29 

.32 

.35 

.38 

.41 

.44 

.46 

.48 

.49 

31 

32 

33 

.24 

.26 

.29 

31 

.34 

.36 

.38 

.40 

.41 

.42 

.44 

.45 

.46 

.20 

.22 

.24 

.26 

.28 

.30 

.32 

.33 

.34 

36 

.36 

37 

38 

.17 

.18 

.20 

.22 

.23 

.25 

.26 

.27 

.28 

.28 

.29 

.30 

31 

.13 

.14 

.15 

.16 

.18 

.19 

.20 

.20 

.21 

.21 

.22 

.23 

.23 

.09 

.10 

.10 

.11 

.12 

.13 

.13 

.14 

.14 

.14 

.15 

.15 

.15 

.05 

M 

.05 

.06 

.06 

.06 

.07 

.07 

.07 

.07 

.08 

.08 

.08 

.11 

.12 

.12 

.14 

.15 

.16 

.16 

.17 

.17 

.18 

.18 

.19 

.19 

.18 

.20 

.22 

.24 

.26 

.28 

.29 

.30 

.30 

.32 

33 

33 

34 

0.04 
.10 
.16 
.21 
.27 

33 
.40 
.46 
34 
31 

.99 

1.42 

1.91 

2.46 

3.05 

339 

0.43 


Add  to  Observed  Per  Cent 


.77 
.70 
.62 
35 
.47 

39 
32 
.24 
.16 
.08 

30 

34 


035 
.10 
.16 
.22 
38 

0.06 
.11 
.17 
.23 
30 

0.06 
.12 
.17 
.24 
31 

0.06 
.12 
.19 
.26 
.32 

0.07 
.13 
.20 
.27 
34 

0.07 
.14 
31 
.28 
35 

0.07 
.14 
31 
.29 
36 

0.07 
.15 
32 
30 
38 

0.08 
.15 
.23 
31 
.38 

0.08 
.16 
.24 
.32 
39 

0.08 
.16 
.24 
.32 
.39 

0.08 
.16 
.24 
32 
.40 

34 
.41 
.47 
35 
32 

36 
.42 
.49 
.56 
33 

.37 
.44 
31 
.59 
36 

.40 
.46 
.54 
31 
.68 

.40 
.48 
.56 
.63 

.71 

.42 

30 
.58 
.66 
.73 

.44 

32 
.60 
.68 
.76 

.46 
34 
31 
.70 
.78 

.47 
.54 
.62 
.70 
.78 

.47 
35 

.63 
.71 
.79 

.48 
36 

.64 
.72 
30 

.48 
.56 

.64 
.72 
30 

131 

1.02 

1.06 

1.10 

1.13 

1.16 

1.18 

130 

131 

132 

132 

133 

L45 

1.47 

131 

134 

137 

1.60 

L62 

1.64 

135 

135 

135 

136 

1^ 

1.96 

2.00 

2.03 

2.05 

2.07 

2.09 

2.10 

2.10 

2.10 

2.10 

2.10 

2.48 

2.50 

233 

2.56 

2.57 

2.58 

2.59 

239 

238 

2.58 

237 

236 

337 

339 

3.12 

3.12 

3.12 

3.12 

3.11 

3.10 

3.08 

3.07 

3.05 

3.03 

3.72 

3.73 

3.73 

3.72 

3.70 

3.67 

3.65 

3.62 

330 

3.57 

334 

330 

0.44 

0.46 

0.48 

0.50 

032 

034 

036 

038 

0.58 

039 

0.60 

0.60 

0.09 
.16 
34 
.32 
39 

.48 
36 
.64 
.72 
31 

132 

W5 

238 

232 

2.97 

3.43 

0.60 


*  Wias,  Abh.  der  Kaiserlichen  Normal-Bichungs-Kommission.  2,  p.  140;  1900. 
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TABLE  13.— Density*  of  Solutions  of  Cane  Sugar  at  20""  C 

ITliii  taUe  it  Om  bolt  lor  iteiidardlciiif  Ivdfwnatan  ii^^ 


Tenths  «f  Per  Cent 

PerCoU 

8actf 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.998234 
1.002120 
1U)06015 
1U)09934 
1.013881 

0.998622 
1U»2509 
1.006405 
1U)10327 
1U)14277 

0.999010 
1.002897 
1.006796 
1.010721 
1U)14673 

0.999398 
1.003286 
14)07188 
1.011115 
1.015070 

0.999786 
1.003675 
1.007580 
1.011510 
1U)15467 

1.000174 
1.004064 
1.007972 
1.011904 
1.015864 

1.000563 
1.004453 
1.008363 
1.012298 
1.016261 

1.000952 
1.004844 
1.006755 
1.012694 
1.016659 

14)01342 
14)05234 
14)09148 
14)13089 
14)17058 

1.001731 
1.005624 
1.009541 
1.013485 
1.017456 

1U)178S4 
1.021855 
1.025885 
1.029942 
1.034029 

1.018253 
1.022257 
1.026289 
1.030349 
1.034439 

1.018652 
1.022659 
1.026694 
1.030757 
1.034850 

1.019052 
1.023061 
1.027099 
1.031165 
1.035260 

1.019451 
1.023463 
1.027504 
1.031573 
1.035671 

1.019851 
1U>23867 
1.027910 
1.031962 
1.036082 

14)20251 
1.024270 
14)28316 
14)32391 
1.036494 

14)20651 
1.024673 
1.028722 
1.032800 
1.036906 

14)21053 
14)25077 
1.029128 
14)33209 
1.037318 

14)21454 
1.025481 
1.029535 
1.033619 
1.037730 

10 
11 
12 
13 
14 

1.038143 
1.042288 
1.046462 
1.050665 
1.054900 

1.038556 
1UM2704 
1.046881 
1.051087 
1.055325 

1U)38970 
1.043121 
1.047300 
1.051510 
1.055751 

1.039383 
1.043537 
1.047720 
1.051933 
1.056176 

1.039797 
1.043954 
1.048140 
1.052356 
1.056602 

1.040212 
14)44370 
1.048559 
1.052778 
1.057029 

1.040626 
1.044788 
1.048900 
1.053202 
1.057455 

1.041041 
14M5206 
1.049401 
1.053626 
L057882 

1.041456 
1.045625 
1.049822 
1.054050 
1.058310 

1.041872 
1.046043 
1.050243 
1.054475 
1.058737 

15 
16 
17 
18 
19 

1.059165 
1.063460 
1.067789 
1.072147 
1.076537 

1.059593 
1.063892 
1.068223 
1.072585 
1.076978 

1.060022 
1.064324 
1.068658 
1.073023 
1.077419 

1.060451 
1.064756 
1.069093 
1.073461 
1.077860 

1.060880 
1.065188 
1.069529 
1.073900 
1.078302 

1.061306 
1.065621 
1.069964 
1.074338 
1.078744 

1.061738 
1.066054 
1.070400 
1.074777 
1.079187 

1.062168 
1.066487 
1.070636 
1.075217 
1.079629 

1.062598 
1.066921 
14)71273 
14)75657 
1.060072 

1.063029 
1.067355 
1.071710 
1.076097 
L080515 

20 
21 
22 
23 
24 

1.080959 
1.085414 
1.089900 
1.094420 
1.098971 

1.081403 
1.085861 
1.090351 
1.094874 
1.099428 

1.081848 
1.086309 
1.090802 
1.095328 
1.099886 

1.082292 
1.086757 
1.091253 
1.095782 
1.100344 

1.082737 
1.087205 
1.091704 
1.096236 
1.100802 

1.063182 
1.087652 
1.092155 
1.096691 
1.101259 

1.063628 
1.068101 
1.092607 
1.097147 
1.101718 

1.064074 
1.068550 
1.093060 
1.097603 
1.102177 

1.084520 
1.069000 
1.093513 
1.098058 
1.102637 

1.084967 
1.069450 
1.093966 
1.098514 
1.103097 

25 
26 
27 
28 
29 

1.103557 
1.108175 
1.112828 
1.117512 
1.122231 

1.104017 
1.108639 
1.113295 
1.117982 
1.122705 

1.104478 
L109103 
1.113763 
1.118453 
1.123179 

1.101938 
1.109568 
1.114229 
1.118923 
1.123653 

1.105400 
1.110033 
1.114697 
1.119395 
1.124128 

1.105862 
1.110497 
1.115166 
1.119867 
1.124603 

1.106324 
1.110963 
1.115635 
1.120339 
1.125079 

1.106786 
1.111429 
1.116104 
1.120812 
1.125555 

1.107248 
1.111895 
1.116572 
1.121284 
1.126030 

1.107711 
1.112361 
1.117042 
1.121757 
1.126507 

30 
31 
32 
33 

34 

1.126984 
1.131773 
1.136596 
1.141453 
1.146345 

1.127461 
1.132254 
1.137080 
1.141941 
1.146836 

1.127939 
1.132735 
1.137565 
1.142429 
1.147328 

1.128417 
1.133216 
1.138049 
1.142916 
1.147820 

1.128896 
1.133698 
1.138534 
1.143405 
1.148313 

1.129374 
1.134180 
1.139020 
1.143894 
1.148805 

1.129853 
1.134663 
1.139506 
1.144384 
1.149298 

1.130332 
1.135146 
1.139993 
1.144874 
1.149792 

1.130812 
1.135628 
1.140479 
1.145363 
1.150286 

1.131292 
1.136112 
1.140966 
1.1458S4 
1.150780 

35 
36 
37 
38 

39 

1.151275 
1.156238 
1.161236 
1.166269 
1.171340 

1.151770 
1.156736 
1.161738 
1.166775 
1.171849 

1.152265 
1.157235 
1.162240 
1.167281 
1.172359 

1.152760 
1.157733 
1.162742 
1.167786 
1.172869 

1.153256 
1.158233 
1.163245 
1.168293 
1.173379 

1.153752 
1.158733 
1.163748 
1.168800 
1.173889 

1.154249 
1.159233 
1.164252 
1.169307 
1.174400 

1.154746 
1.159733 
1.164756 
1.169815 
1.174911 

1.155242 
1.160233 
1.165259 
1.170322 
1.175423 

1.155740 
1.160734 
1.165764 
1.170831 
1.175935 

40 
41 
42 
43 
44 

1.176447 
1.181592 
1.186773 
1.191993 
1.197247 

1.176960 
1.182108 
1.187293 
1.192517 
1.197775 

1.177473 
1.182625 
1.187814 
1.193041 
1.198303 

1.177987 
1.183142 
1.188335 
1.193565 
1.198832 

1.178501 
1.183660 
1.188856 
1.194090 
1.199360 

1.179014 
1.184178 
1.189379 
1.194616 
1.199890 

1.179527 
1.184696 
1.189901 
1.195141 
1.200420 

1.180044 
1.185215 
1.190423 
1.195667 
1.200950 

1.180560 
1.185734 
1.190946 
1.196193 
1.201480 

1.181076 
1.186253 
1.191469 
1.196720 
1.202010 

45 

46 
47 
48 
49 

1.202540 
1.207870 
1.213238 
1.218643 
L224086 

1.203071 
1.208405 
1.213777 
1.219185 
1.224632 

1.203603 
1.208940 
1.214317 
1.219729 
1.225180 

1.204136 
1.209477 
1.214856 
1.220272 
1.225727 

1.204668 
1.210013 
1.215395 
1.220815 
1.226274 

1.205200 
1.210549 
1.215936 
1.221360 
1.226823 

1.205733 
1.211086 
1.216476 
1.221904 
1.227371 

1.206266 
1.211623 
1.217017 
1.222449 
1.227919 

1.206801 
1.212162 
1.217559 
1.222995 
1.228469 

1.207335 
1.212700 
1.218101 
1.223540 
1.229018 

SO 

L229567 

1.230117 

1.230668 

1.231219 

1.231770 

1.232322 

1.232874 

1.233426 

1.233979 

1.234532 

»  According  to  Dr.  P.  Plato  (Wiss.  Abh.  der  Kaiacrlichen  Normal-Eichuncs-Kommission. «,  p.  153:  «9oo). 
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TABLE  13.— Density  of  Solutions  of  Cane  Sugar  at  20''  C— Continued 


Tenths  of  Per  Cent 

PvrCent 

Snctf 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SO 
51 
52 
53 
54 

1.229567 
1.235085 
1.240641 
1.246234 
1.251866 

1.230117 
1.235639 
1.241198 
1.246795 
1.252431 

1.230668 
1.236194 
1.241757 
1.247358 
1.252997 

1331219 
1.236748 
1342315 
1.247920 
1353563 

1.231770 
1.237303 
1.242873 
1348482 
1354129 

1.232322 
1.237859 
1.243433 
1.249046 
1.254697 

1.232874 
1.238414 
1343992 
1.249609 
1355264 

1.233426 
1.238970 
1344552 
1.250172 
1355831 

1333979 
1.239527 
1.245113 
1.250737 
1.256400 

1334532 
1.240084 
1345673 
1.251301 
1356967 

55 
56 

57 
58 

59 

1.257535 
1.263243 
1.268989 
1.274774 
1.280595 

1.258104 
1.263816 
1.269565 
1.275354 
1.281179 

1.258674 
1.264390 
1.270143 
1.275936 
1.281764 

1.259244 
1.264963 
1.270720 
1.276517 
1.282349 

1359815 
1.265537 
1371299 
1377098 
1.282935 

1.260385 
1.266112 
1.271877 
1.277680 
1.283521 

1.260955 
1.266686 
1.272455 
1.278262 
1.284107 

1361527 
1.267261 
1.273035 
1.278844 
1.284694 

1.262099 
1367837 
1.273614 
1.279428 
1385281 

1.262671 
1.268413 
1.274194 
1.280011 
1.285869 

«0 
61 
62 
63 
64 

1.286456 
1.2923S4 
1.298291 
1.304267 
1.310282 

1.287044 
1.292946 
1.298886 
1.304867 
1310885 

1.287633 
1.293539 
1.299483 
1305467 
1311489 

1388222 
1.294131 
1300079 
1306068 

1312093 

1388811 
1394725 
1300677 
1306669 
1312699 

1.289401 
1.295318 
1301274 
1307271 
1.313304 

1389991 
1.295911 
1301871 
1307872 
1313909 

1.290581 
1.296506 
1302470 
1308475 
1314515 

1391172 
1397100 
1303068 
1.309077 
1.315121 

1.291763 
1397696 
1.303668 
1309680 
1315728 

65 

66 
67 
68 
69 

1.316334 
1.322425 
1.328554 
1.334722 
1.340928 

1.316941 
1.323036 
1.329170 
1.335342 
1.341551 

1.317549 
1.323648 
1.329785 
1.335961 
L342174 

1.388157 
1.324259 
1.330401 
1336581 
1342798 

1.318766 
1324872 
1.331017 
1337200 
1343421 

1319374 
1.325484 
1.331633 
1.337821 
1344046 

1319983 
1.326097 
1.332250 
1338441 
1344671 

1320593 
1326711 

l!339063 
1345296 

1.321203 
1327325 
1333485 
1339684 
1345922 

1.321814 
1327940 
1.334103 
1.340306 
1.346547 

70 

71 

72 

73, 

74 

1.347174 
1.353456 
1.359778 
1.366139 
1.372536 

1.347801 
1.354087 
1.360413 
1.366777 
1.373178 

1.348427 
1354717 
1361047 
1367415 
1373820 

1349055 
1355349 
1361682 
1.368054 
1374463 

1349682 
1355980 
1.362317 
1.368693 
1375105 

1350311 
1.356612 
1.362953 
1.369333 
1375749 

1350939 
1357245 
1.363590 
1369973 
1376392 

1351568 
1357877 
1364226 
1370613 
1377036 

1352197 
1358511 
1.364864 
1371254 
1377680 

1352827 
1.359144 
1.365501 
1.371894 
1.378326 

75 
76 
77 
78 
79 

L378971 
1.385446 
1J91956 
1.398505 
1.405091 

1379617 
1.386096 
1.392610 
1399162 
1.405752 

1380262 
1386745 
1.393263 
1.399819 
1.406412 

1380909 
1.387396 
1393917 
1.400477 
1.407074 

1.381555 
1388045 
1394571 
1.401134 
1.407735 

1382203 
1.388696 
1.395226 
1.401793 
1.408398 

1382851 
1389347 
1395881 
1.402452 
L409061 

1.383499 
1389999 
1396536 
1.403111 
1.409723 

1.384148 
1390651 
1397192 
1.403771 
1.410387 

1.384796 
1391303 
1397848 
1.404430 
1.411051 

80 
81 
82 
83 

84 

1.411715 
1.418374 
1.425072 
1.431807 
1.438579 

1.412380 
1.419043 
1.425744 
1.432483 
1.439259 

1.413044 
1.419711 
1.426416 
1.433158 
1.439938 

1.413709 
1.420380 
1.427069 
1.433835 
1.440619 

1.414374 
1.421049 
1.427761 
1.434511 
1.441299 

1.415040 
1.421719 
1.428435 
1.435188 
1.441980 

1.415706 
1.422390 
1.429109 
1.435866 
1.442661 

1.416373 
1.423059 
1.429782 
1.436543 
1.443342 

1.417039 
1.423730 
1.430457 
1.437222 
1.444024 

1.417707 
1.424400 
1.431131 
1.437900 
1.444705 

85 
86 
87 
88 

89 

1.445388 
1.452232 
1.459114 
1.466032 
1.472986 

1.446071 
1.452919 
1.459805 
1.466726 
L473684 

1.446754 
f.453605 
1.460495 
1.467420 
1.474381 

1.447438 
1.454292 
1.461186 
1.468115 
1.475080 

1.448121 
1.454980 
1.461877 
1.468810 
1.475779 

1.448806 
1.455668 
1.462568 
1.469504 
1.476477 

1.449491 
1.456357 
1.463260 
1.470200 
1.477176 

1.450175 
1.457045 
1.463953 
1.470696 
1.477876 

1.450860 
1.457735 
1.464645 
1.471592 
1.478575 

1.451545 
1.458424 
1.465338 
1.472289 
1.479275 

90 
91 
92 
93 
94 

L479976 
1.487002 
1.494063 
1.501158 
1.506289 

1.480677 
1.487707 
1.494771 
1301870 
1309004 

1.481378 
1.488411 
1.495479 
1302582 
1.509720 

1.482080 
1.489117 
1.496188 
1303293 
1310435 

1.482782 
1.489823 
1.496897 
1304006 
1311151 

1.483484 
1.490528 
1.497606 
1304719 
1311868 

1.484187 
1.491234 
1.498316 
1305432 
1312585 

1.484890 
1.491941 
1.499026 
1.506146 
1313302 

1.485593 
1.492647 
1.499736. 
1306859 
1314019 

1.486297 
1.493355 
1300447 
1307574 
1314737 

95 

96 
97 
96 
99 

1.515455 
1.522656 
1.529891 
1.537161 
1.544462 

1316174 
1323378 
1.530616 
1337889 
1345194 

1.516893 
1324100 
1331342 
1338618 
1.545926 

1317612 
1.524823 
1332068 
1339347 
1346659 

1.518332 
1.525546 
1332794 
1.540076 
1.547392 

1319051 
1.526269 
1.533521 
1340806 
1348127 

1.519771 
1326993 
1334248 
1.541536 
1348861 

1.520492 
1327717 
1.534976 
1.542267 
1349595 

1321212 
1.528441 
1.535704 
1342998 
1350329 

1.521934 
1329166 
1.536432 
1343730 
1351064 

100 

1.551800 
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TABLE  14.— Density  of  Solutions  of  Sulphuric  Acid  (H3SO  J  at  20°  C 

ICalcolatad  from  Dr.  J.  Domke's  ttble.*  Adopted  as  (he  hula  for  standardlntton  of  hydiomateft  tiidteaHm  P«r 

talplmrlc  add  at  20*  C] 


cental 


Per  Cent  HiSO^ 

T.20^ 
D-^C 

Per  Cent  HsS04 

Bfc 

Per  Cent  HsS04 

D~C 

0 

1 
2 

3 

4 

0.99823 
1.00S06 
1.01178 
1.01839 
1.02500 

50 
51 
52 
S3 
54 

1.39505 
1.40487 
1.41481 
1.42487 
1.43503 

91.0 
91.2 
91.4 
91.6 
91.8 

1.81950 
1.82045 
1.82137 
1.82227 
1.82315 

5 

6 
7 
8 

9 

1.03168 
1.03843 
1UH527 
1.05216 
1.05909 

55 

56 
57 
58 

59 

1.44530 
1.45568 
1.46615 
1.47673 
1.48740 

92.0 
92.2 
92.4 
92.6 
92.8 

1.82401 
1.82484 
1.82564 
1.82641 
1.82717 

10 
11 
12 
13 
14 

1.06609 
1.07314 
1.08026 
1.08744 
1.09468 

60 
61 
•62 
63 
64 

1.49818 
1.50904 
1.51999 
1.53102 
1.54213 

93.0 
93.2 
93.4 
93.6 
93.8 

1.82790 
1.82860 
1.82928 
1.82993 

IS 
16 
17 
18 
19 

1.10199 
1.10936 
1.11679 
1.12428 
1.13183 

65 
66 
67 
68 
69 

1.55333 
1.56460 
1.57595 
1.58739 
1.59890 

94U) 
94.2 
94.4 
94.6 
94.8 

1.83115 
1.83172 
1J3226 
1.83276 
1.83324 

20 
21 
22 
23 
24 

1.13943 
1.14709 
1.1S480 
1.16258 
1.17041 

70 
71 
72 
73 
74 

1.61048 
1.62213 
1.63384 
1.64560 
1.65738 

95.0 
95.1 
95.2 
95.3 
95.4 

L83368 

1.83309 
1.83410 
1.83430 
1.83449 

2S 
26 
27 
28 
29 

1.17830 
1.18624 
1.19423 
1.20227 
1.21036 

75 
76 
77 
78 
79 

1.66917 
1.68095 
1.69268 
1.70433 
1.71585 

95.5 
95.6 
95.7 
95.8 
95.9 

1.83469 
1.83486 
1.83503 
1.83520 
1.83S34 

30 
31 
32 
33 

34 

1.21850 
1.22669 
1.23492 
1.24320 
1.25154 

80 
81 
82 
83 
84 

1.72717 
1.73827 
1.74904 
1.75943 
1.76932 

96.0 
96.1 
96.2 
96.3 
96.4 

1.83548 
1.83560 
1.83572 
1.83584 
1.83594 

3S 

36 
37 
30 

89 

1.25992 
1.26836 
1.27685 
1.28543 
1.29407 

85 

85.5 

86 

86.5 

87 

1.77860 
1.78300 
1.78721 
1.79124 
1.79509 

96.5 
96.6 
96.7 
96.8 
96.9 

1.83604 
1.83613 
1.83621 
1J3628 
1.83634 

40 
41 
42 
43 

44 

1.30278 
1.31157 
1.32043 
1.32938 
1.33843 

87.5 

88 

88.5 

89 
89.5 

1.79875 
1.80223 
1.80552 
1J0864 
1.81159 

97.0 
97.1 
97.2 
97.3 
97.4 

1J3637 
1.83639 
1.83640 
1.83640 
1.83639 

45 
46 
47 
48 
49 

1.34759 
1.35686 

1.36625 
1.37574 
1J8533 

90 

90.2 

90.4 

90.6 

90.8 

1.81438 
1.81545 
1.81650 
1.81753 
1.81853 

97J 
97.6 
97.7 
97.8 
97.9 

1J3637 
1.83634 
1.83629 
1.83623 
1J361S 

SO 

1.39505 

914) 

1.81950 

9M 

1.83605 

•  Wiaa.  Abb.  dcr  KalMrUcbcn  Nonnal-Bidiitnca-: 


S«  p.  ijs;  z9oe. 
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TABLE  15. — Temperature  Corrections  to  Per  Cent  of  Sulphuric  Acid  Determined  by 

Hydrometer  (Standard  at  20°  C) 


^^^  ^^^  >  ^Ate  M  Om  gfecedinf  table,  aMomliiff  Jena  16°^  glaat  •■  the  material  mad.  The  table  ahould 
be  need  with  canthw,  and  only  lof  appralmate  feaiiHi  when  the  temperature  differa  much  tram  the  atandard  tempera- 
tore  er  from  the  temperature  af  the  aurroundlng  ah] 


Temperature  In  Degreea  Centigrade 

Obaerved 

Par  Cent 

0 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

HsS04 

Subtract  from  Obeerved  Per  Cent 

Add  to  Obeerved  Per  Cent 

0 

0.16 

0.35 

0.59 

0J6 

1.17 

1.5 

1.9 

2.1 

5 

0J9 

0.49 

0J6 

0.20 

0J4 

0.50 

0.79 

1.11 

1.45 

1.8 

2.2 

23 

10 

0.92 

0.72 

0.51 

0.27 

0.29 

0.60 

0.93 

1.28 

1.65 

2.0 

2.4 

23 

30 

L39 

1.06 

0.72 

0J36 

0.37 

0.75 

1.14 

1.53 

1.93 

2.3 

2.7 

3.1 

30 

L64 

1.23 

0.82 

0.41 

0.41 

0.82 

1.24 

1.65 

2J07 

2.5 

2.9 

33 

40 

1^ 

1.24 

0.82 

0.41 

0.41 

0.82 

1.22 

1.62 

2U» 

2.4 

2.8 

33 

SO 

LS6 

L17 

0.78 

0.39 

0.38 

0.77 

1.15 

1.52 

1.90 

2.3 

2.6 

33 

60 

LS2 

1.14 

0.76 

0J8 

0.37 

0.74 

1.11 

1.48 

1.84 

2.2 

2.6 

2.9 

70 

L54 

1.15 

0.76 

0J8 

0J8 

0.75 

1.13 

1.50 

L86 

2.2 

2.6 

33 

•0 

1.72 

1.30 

0J7 

0.44 

0.45 

0.90 

1.36 

1.83 

2.31 

2.8 

33 

33 

n 

L76 

1.34 

0.92 

0.44 

0.47 

0.93 

L42 

1.93 

2.44 

ZJO 

33 

43 

az 

L84 

L41 

0.96 

0.47 

0.50 

LOO 

1.51 

2.04 

2.58 

3.1 

3.7 

43 

83 

1.94 

1.48 

1.00 

0.50 

0.53 

1.06 

1.59 

2.18 

2.78 

3.4 

4U) 

43 

•4 

2M 

1.57 

1.06 

0.53 

0.55 

1.12 

1.74 

2.36 

3.0 

8.7 

4.4 

5.1 

•5 

2J0 

1.67 

1.13 

0.57 

0.61 

1.23 

1.88 

2.57 

3.3 

4.0 

4.9 

5.8 

86 

2J6 

Lao 

1.22 

0.62 

0.66 

1.35 

2M 

2.84 

3.7 

4.6 

53 

S 

2M 

L95 

1.32 

0.67 

0.73 

1.50 

2.31 

3.2 

4.1 

5.2 

2.75 

2.12 

L44 

0.74 

0.81 

1.67 

2.59 

3.6 

4.7 

6.0 

89 

sun 

231 

1.58 

0.82 

0.89 

1.86 

2.91 

4.1 

5.6 

90 

127 

2.53 

1.73 

0.91 

0.99 

2.10 

3.4 

4.9 

91 

3.57 

2.78 

1.93 

LOl 

L13 

2.44 

4.1 

n 

3.91 

$M 

2.13 

L12 

1.32 

3.00 

93 

4.29 

3je 

2.37 

1.26 

L64 

94 

4.75 

3.77 

2.69 

L46 

96 

5J9 

4.26 

3.12 

1.76 

96 

5.96 

4.88 

3.65 

2.19 

97 

6.78 

5.68 

4.42 

2.90 
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TABLE  16.— Degrees  Baumd  Corresponding  to  Specific  Gravities  at  ^  F  (^  C) 

Greater  than  1 


ICalcttlated  from  the  fonnoUi  decreet  BcomA  =  145  —  ■ 


145 
760^ 


.  which  deflnet  the  BsnmA  ecale,  hi  geoenl  use  In  fba 


Untted  Stetea.  lor  liquids  heavier  then  water] 


^15956^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Dill. 

1.00 

OOOO 

0.145 

0.289 

0.434 

0.578 

0.721 

0.865 

1.008 

1.151 

1.293 

143 

1.01 
1.02 
1.03 
1.04 
1.05 

1.436 
2.843 
4.223 
5.577 
6.905 

1.578 
2.982 
4.360 
5.711 
7.036 

1.719 
3.121 
4.496 
5.845 
7.167 

1.861 
3.260 
4.632 
5.978 
7.298 

2.002 
3.399 
4.768 
6.111 
7.429 

2.143 
3.537 
4.903 
6.244 
7.559 

2.283 
3.675 
5.038 
6.377 
7.689 

2.424 
3.812 
5.174 
6.509 
7.819 

2.564 
3.950 
5.308 

6.641 
7.949 

2.704 
4.087 
5.443 
6.773 
8.078 

141 
138 
136 
133 
130 

1.06 
1.07 
1.08 
1.09 
1.10 

8.206 
9.486 
10.741 
11.972 
13.182 

8.336 
9.613 
10.865 
12.094 
13.302 

8.465 
9.739 
10.989 
12.216 
13.421 

8.594 
9.865 
11.113 
12.338 
13.540 

8.722 
9.991 
11.236 
12.459 
13.659 

8.850 
10.116 
11.359 
12.580 
13.778 

8.978 
10.242 
11.483 
12.701 
13.897 

9.105 
10.367 
11.605 
12.821 
14.015 

9.232 
10.492 
11.728 
12.942 
14.134 

9.359 
10.616 
11.850 
13.062 
14.252 

128 
126 
124 
121 
119 

1.11 
1.12 
1.13 
1.14 
1.15 

14.370 
15.536 
16.682 
17.807 
18.913 

14.487 
15.651 
16.795 
17.919 
190)23 

14.604 
15.767 
16.908 
18.030 
19.132 

14.721 
15.882 
17.021 
18.141 
19.241 

14.838 
15.997 
17.134 
18.252 
19.350 

14.955 
16.111 
17.247 
18.363 
19.459 

15.072 
16.226 
17.359 
18.473 
19.568 

15.188 
16.340 
17.471 
18.583 
19.676 

15.304 
16.454 
17.583 
18.693 
19.784 

15.420 
16.568 
17.695 
18.803 
19J92 

117 
115 
113 
HI 
109 

1.16 
1.17 
1.18 
1.19 
1.20 

20.000 
21.068 
22.119 
23.151 
24.167 

20.106 
21.174 
22.223 
23.254 
24.267 

20.215 
21.280 
22.327 
23.356 
24.368 

20.322 
21.385 
22.430 
23.458 
24.468 

20.430 
21.491 
22.534 
23.560 
24.568 

20.536 
21.596 
22.637 
23.661 
24.668 

20.643 
21.701 
22.740 
23.763 
24.768 

20.750 
21.806 
22.843 
23.864 
24.868 

20.856 
21.910 
22.946 
23.965 
24.967 

20.962 
220)14 
23.049 
24.066 
25.066 

107 
105 
103 
101 
'  100 

1.21 
1.22 
1.23 
1.24 
1.25 

25.165 
26.148 
27.114 
28.065 
29.000 

25.264 
26.245 
27.210 
28.159 
29.093 

25.363 
26.342 
27.305 
28.253 
29.185 

25.462 
26.439 
27.401 
28.347 
29.278 

25.560 
26.536 
27.496 
28.441 
29.370 

25.658 
26.633 
27.591 
28.534 
29.462 

25.755 
26.729 
27.686 
28.628 
29.554 

25.855 
26.826 
27.781 
28.721 
29.646 

25.952 
26.922 
27.876 
28.814 
29.738 

260)50 
27.018 
27.970 
28.907 
29.829 

96 
97 
95 
94 
92 

1.26 
1.27 
1.28 
1.29 
1.30 

29.921 
30.827 
31.719 
32J97 
33.462 

30.012 
30.917 
31.807 
32.684 
33^7 

30.103 
31.006 
31.896 
32.771 
33.633 

30.194 
31.096 
31.984 
32Jt58 
33.718 

30.285 
31.185 
32.072 
32.944 
33.804 

30.376 
31.275 
32.160 
33.031 
33.889 

30.466 
31.364 
32.247 
33.117 
33.974 

30.556 
31.453 
32.335 
33.204 
34.059 

30.647 
31.542 
32.422 
33.290 
34.144 

30.737 
31.630 
32.510 
33.376 
34.229 

91 
89 
88 
87 
8S 

1.31 
1.32 
1.33 
1.34 
1.35 

34.313 
35.152 
35.977 
36.791 
37.593 

34.397 
35.235 
36.059 
36.872 
37.672 

34.482 
35.318 
36.141 
36.952 
37.751 

34.566 
35.401 
36.223 
37.033 
37.831 

34.650 
34.583 
36.304 
37.113 
37.910 

34.734 
35.566 
36.386 
37.193 
37.989 

34.818 
35.649 
36.467 
37.273 
38.068 

34.901 
35.731 
36.548 
37.353 
38.147 

34.985 
35.813 
36.629 
37.433 
38.225 

35.068 
35J95 
36.710 
37.513 
38.304 

84 
83 

81 
80 

79 

1.36 
1.37 
1.38 
1.39 
1.40 

38.382 
39.161 
39.928 
40.683 
41.429 

38.461 
39.238 
40.004 
40.758 
41.503 

38.539 

39.315 
40.080 
40.833 
41.576 

38.617 
39.392 
40.156 
40.908 
41.650 

38.695 
39.469 
40.231 
40.983 
41.724 

38.773 
39.546 
40.307 
41.057 
41.797 

38.851 
39.622 
40.382 
41.132 
41.871 

38.928 
39.609 
40.458 
41.206 
41.944 

39.006 
39.775 
40.533 
41.280 
42.017 

39J03 
39.851 
40.608 
41.355 
42.090 

78 
77 
76 
75 
74 

1.41 

42.163 

42.236 

42.309 

42.381 

42.454 

42.527 

42.599 

42.671 

42.743 

42.815 

73 
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TABLE  16. — Degrees  Baume  Corresponding  to  Specific  Gravities  at  ^  F  (^  C) 

Greater  than  1 — Continued 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Difl. 

1.41 

42.163 

42.236 

42.309 

42.381 

42.454 

42.527 

42.599 

42.671 

42.743 

42315 

73 

1.42 

42.887 

42.959 

43.031 

43.103 

43.174 

43.246 

43317 

43388 

43.459 

43330 

72 

1.43 

43.601 

43.672 

43.743 

43.814 

43.884 

43.955 

44.025 

44.095 

44.166 

44336 

71 

1.44 

44.306 

44.376 

44.445 

44.515 

44.585 

44.654 

44.724 

44.793 

44.862 

44.931 

70 

MS 

4SJ0O0 

45.069 

45.138 

45.207 

45.275 

45.344 

45.412 

45.481 

45.549 

45317 

69 

L46 

45.685 

45.753 

45.821 

45.889 

45.956 

46.024 

46.091 

46.159 

46326 

46393 

67 

1.47 

46.361 

46.428 

46.495 

46.562 

46.628 

46.695, 

46.762 

46.828 

46.894 

46.961 

67 

1.48 

47.027 

47.093 

47.159 

47.225 

47.291 

47.357 

47.423 

47.488 

47354 

47319 

66 

1.49 

47.685 

47.750 

47.815 

47.880 

47.945 

48.010 

48.075 

48.140 

48304 

48.269 

65 

1^ 

48.333 

48.396 

48.462 

48.526 

48.591 

48.655 

48.719 

48.782 

48.846 

48.910 

64 

1.51 

48.974 

49.037 

49.101 

49.164 

49.227 

49.290 

49.354 

49.417 

49.480 

49343 

63 

h52 

49.605 

49.668 

49.731 

49.793 

49.856 

49.918 

49.980 

50.043 

50.105 

50.167 

62 

1.53 

50.229 

50.291 

50.353 

50.414 

50.476 

50.538 

50.599 

50.660 

50.722 

50.783 

61 

1.54 

50.844 

50.905 

50.966 

51.027 

51.088 

51.149 

51.210 

51.270 

51.331 

51.391 

61 

1.5S 

51.452 

51.512 

51.572 

51.632 

51.692 

51.752 

51312 

51372 

51.932 

51.992 

60 

1J6 

52.051 

52.111 

52.170 

52.230 

52.289 

52.348 

52.407 

52.467 

52326 

52.585 

59 

1.57 

52.643 

52.702 

52.761 

52.820 

52.878 

52.937 

52.995 

53.053 

53.112 

53470 

59 

,    1^ 

53.228 

53.286 

53.344 

53.402 

53.460 

53.517 

53375 

53.633 

53.690 

53J48 

58 

1J9 

53.805 

53.862 

53.920 

53.977 

54.034 

54.091 

54.148 

54.205 

54362 

54.318 

57 

1.60 

54.375 

54.432 

54.488 

54.545 

54.601 

54.657 

54.714 

54.770 

54326 

54382 

56 

1.61 

54.938 

54.994 

55.050 

55.106 

55.161 

55.217 

55.272 

55.328 

55383 

55.439 

56 

1.62 

55.494 

55.549 

55.604 

55.659 

55,714 

55.769 

55324 

55379 

55.934 

55.988 

55 

1.63 

56.043 

S6X)98 

56.152 

56.206 

56.261 

56315 

56369 

56.423 

56.478 

56331 

54 

1.64 

56.585 

56.639 

56.693 

56.747 

56.801 

56354 

56.908 

56.961 

57.015 

57368 

54 

L65 

57.121 

57.175 

57.228 

57JS81 

57J34 

57387 

57.440 

57.493 

57345 

57398 

53 

1.66 

57.651 

57.703 

57.756 

57.808 

57.861 

57.913 

57.965 

58317 

58.070 

58.122 

52 

1.67 

58.174 

58.226 

58.278 

58.329 

58.381 

58.433 

58.485 

58336 

58388 

58339 

52 

1.68 

58.690 

58.742 

58.793 

58.844 

58.896 

58.947 

58.998 

59349 

59.100 

59.150 

51 

1.69 

59.201 

39.252 

59.303 

59.353 

59.404 

59.454 

59.505 

59355 

59305 

59356 

50 

1.70 

59.706 

59.756 

59.806 

59.856 

59.906 

59.956 

60306 

60.056 

60.105 

60.155 

50 

1.71 

60.205 

60.254 

60.304 

60.353 

60.403 

60.452 

60.501 

60350 

60300 

60349 

49 

1.72 

60.698 

60.747 

60.796 

60.844 

60.893 

60.942 

60.991 

61.039 

61388 

61.136 

49 

1.73 

61.185 

61.234 

61.282 

61.330 

61.378 

61.427 

61.475 

61323 

61.571 

61319 

48 

1.74 

61.667 

61.715 

61.762 

61.810 

61.858 

61.906 

61.953 

62.001 

62.048 

62.096 

48 

1.75 

62.143 

62.190 

62.237 

62.285 

62.332 

62379 

62.426 

62.473 

62320 

62367 

47 

1.76 

62.614 

62.660 

62.707 

62.754 

62.801 

62.847 

62.894 

62.940 

62.987 

63.033 

46 

1.77 

63.079 

63.125 

63.172 

63.218 

63.264 

63310 

63.356 

63.402 

63.448 

63.494 

46 

1.78 

63539 

68.585 

63.631 

63.676 

63.722 

63.768 

63313 

63.858 

63.904 

63.949 

46 

1.79 

63.994 

644)40 

64.085 

64.130 

64.175 

64320 

64365 

64310 

64355 

64.400 

45 

1.80 

64.445 

64.489 

64.534 

64.579 

64.623 

64.668 

64.712 

64.757 

64301 

64345 

45 

UH 

64.890 

64.934 

64.978 

65.022 

65.066 

65.110 

65.154 

65.198 

65342 

65.286 

44 

1.82 

65.330 

65374 

65.417 

65.461 

65.504 

65348 

65.591 

65335 

65.678 

65.722 

43 

1.83 

65.765 

65J08 

65.852 

65.895 

65.938 

65.981 

66.024 

66367 

66.110 

66.153 

43 

1^ 

66.196 

66.238 

66.281 

66.324 

66.367 

66.409 

66.452 

66.494 

66337 

66379 

42 

L8S 
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TABLE  17.— Specific  Giavitics  at  JJ^F  (^  C)  Corresponding  to  Degrees  Baum6 

for  Liquids  Heavier  than  Water 


[ 


60* 
Calfwlifad  from  the  termote  tpedflc  frtrtty  ^«  F 


145 

'  145- Def.  Banmft. 


] 


Tenthi  of  Decraes  BtaanH 

Dcfrees 

BmamA 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

IMOO 

IJW7 

10)014 

1.0021 

10)028 

10)035 

10)042 

10)049 

10)055 

10)062 

1 

1.0069 

1U)076 

1.0083 

1.0090 

1.0097 

1.0105 

10)112 

1.0119 

10)126 

10)133 

2 

14)140 

1.0147 

L0154 

10)161 

10)168 

10)175 

1.0183 

10)190 

10)197 

10)204 

3 

1.0211 

101218 

1.0226 

10)233 

1.0240 

1.0247 

1.0255 

10)262 

1.0269 

101276 

4 

1.0284 

10)291 

10)298 

1.0306 

1.0313 

1.0320 

1.0328 

1.0335 

10)342 

10)350 

5 

1.0357 

10)365 

10)372 

10)379 

1.0387 

1.0394 

1.0402 

1.0409 

1.0417 

10)424 

6 

1UM32 

10)439 

1.0447 

10M54 

10)462 

1.0469 

1.0477 

10)484 

1.0492 

10)500 

7 

1U»507 

L0515 

10)522 

10)530 

1.0538 

10)545 

10)553 

1.0561 

10)569 

1.0576 

8 

1.0584 

10)592 

10)599 

10)607 

1.0615 

1.0623 

10)630 

1.0638 

10)646 

10)654 

9 

1.0662 

10)670 

1.0678 

1.0685 

10)693 

10)701 

1.0709 

1.0717 

1.0725 

1.0733 

10 

1.0741 

1.0749 

1.0757 

1.0765 

1.0773 

1.0781 

1.0789 

10)797 

1.0805 

1.0813 

11 

10)821 

1.0829 

1.0837 

10)845 

1.0853 

1.0861 

1.0870 

1.0878 

10)886 

10)894 

12 

1.0902 

1.0910 

1.0919 

10)927 

1.0935 

1.0944 

1.0952 

10)960 

10)968 

10)977 

13 

1.0985 

10)993 

1.1002 

1.1010 

1.1018 

1.1027 

1.1035 

1.1043 

1.1052 

1.1060 

14 

1.1069 

1.1077 

1.1066 

1.1094 

1.1103 

1.1111 

1.1120 

1.1128 

1.1137 

1.1145 

15 

1.1154 

1.1162 

1.1171 

1.1180 

1.1188 

1.1197 

1.1206 

1.1214 

1.1223 

1.1232 

16 

1.1240 

1.1249 

1.1258 

1.1267 

1.1275 

1.1284 

1.1293 

1.1302 

1.1310 

1.1319 

17 

1.1328 

1.1337 

1.1346 

1.1355 

1.1364 

1.1373 

1.1381 

1.1390 

1.1399 

1.1408 

18 

1.1417 

1.1426 

1.1435 

1.1444 

1.1453 

1.1462 

1.1472 

1.1481 

1.1490 

1.1499 

19 

1.1508 

1.1517 

1.1526 

1.1535 

1.1545 

1.1554 

1.1563 

1.1572 

1.1581 

1.1591 

20 

1.1600 

1.1609 

1.1619 

1.1628 

1.1637 

1.1647 

1.1656 

1.1665 

1.1675 

1.1684 

21 

1.1694 

1.1703 

1.1712 

1.1722 

1.1731 

1.1741 

1.1750 

1.1760 

1.1769 

1.1779 

22 

1.1789 

1.1798 

1.1808 

1.1817 

1.1827 

1.1837 

1.1846 

1.1856 

1.1866 

1.1876 

23 

1.1885 

1.189S 

1.1905 

1.1915 

1.1924 

1.1934 

1.1944 

1.1954 

1.1964 

1.1974 

24 

1.1983 

1.1993 

1.2003 

1.2013 

1.2023 

1.2033 

1.2043 

1.2053 

1.2063 

1.2073 

25 

1.2083 

1.2093 

1.2104 

1.2114 

1.2124 

1.2134 

1.2144 

1.2154 

1.2164 

1.2175 

26 

1.2185 

1.2195 

1.2205 

1.2216 

1.2226 

1.2236 

1.2247 

1.2257 

1.2267 

1.2278 

27 

1.2288 

1.2299 

1.2309 

1.2319 

1.2330 

1.2340 

lt2351 

1.2361 

1.2372 

1.2383 

28 

1.2393 

1.2404 

1.2414 

1.2425 

1.2436 

1.2447 

1.2457 

1.2468 

1.2478 

1.2489 

29 

1.2500 

1.2511 

1.2522 

1.2532 

1.2543 

1.2554 

1.2565 

1.2576 

1.2587 

1.2598 

30 

1.2609 

1.2620 

1.2631 

1.2642 

1.2653 

1.2664 

1.2675 

1.2686 

1.2697 

1.2708 

31 

1.2719 

1.2730 

1.2742 

1.2753 

1.2764 

1.2775 

1.2787 

1.2798 

1.2809 

1.2821 

32 

1.2832 

1.2843 

1.2855 

1.2866 

1.2877 

1.2889 

1.2900 

1.2912 

1.2923 

1.293S 

33 

1.2946 

1.2958 

1.2970 

1.2961 

1.2993 

1.3004 

1.3016 

1.3028 

1.3040 

1.3051 

34 

1.3063 

1.3075 

1.3087 

1J098 

1.3110 

1.3122 

1.3134 

1.3146 

1.3158 

1.3170 

35 

1.3182 

1.3194 

13206 

1.3218 

1.3230 

1.3242 

1.3254 

1.3266 

1.3278 

1.3291 

36 

1.3303 

1.3315 

1.3327 

1.3339 

1.3352 

1.3364 

1.3376 

1.3389 

1J401 

1.3414 

37 

1.3426 

1.3438 

1.3451 

1.3463 

1.3476 

1.3488 

1.3501 

1.3514 

1.3526 

1.3539 

38 

1.3551 

1.3564 

1.3577 

1.3590 

1.3602 

1.3615 

1.3628 

1.3641 

1.3653 

1.3666 

39 

1J679 

1.3692 

1.3705 

1.3718 

1.3731 

1.3744 

1.3757 

1.3770 

1.3783 

1.3796 

40 

1.3810 

1.3823 

1.3836 

1.3849 

1.3862 

1.3876 

1.3889 

1.3902 

1.3916 

1.3929 

41 

1.3942 

1.3956 

1.3969 

1.3983 

1.3996 

1.4010 

1.4023 

1.4037 

1.4050 

1.4064 

42 

1.4078 

1.4091 

1.4105 

1.4119 

1.4133 

1.4146 

1.4160 

1.4174 

1.4188 

1.4202 

43 

1.4216 

1.4230 

1.4244 

1.4258 

1.4272 

1.4286 

1.4300 

1.4314 

1.4328 

1.4342 

44 

1.4356 

1.4371 

1.4385 

1.4399 

1.4414 

1.4428 

1.4442 

1.4457 

1.4471 

1.4486 

45 

1.4500 

1.4515 

1.4529 

1.4544 

1.4558 

1.4573 

1.4588 

1.4602 

1.4617 

1.4632 

46 

1.4646 

1.4661 

1.4676 

1.4691 

1.4706 

1.4721 

1.4736 

1.4751 

1.4766 

1.4781 

47 

1.4796 

1.4811 

1.4826 

1.4841 

1.4857 

1.4872 

1.4887 

1.4902 

1.4918 

1.4933 

48 

1.4948 

1.4964 

1.4979 

1.4995 

1.5010 

1.5026 

1.5041 

1.5057 

1.5073 

1.5088 

49 

1.5104 

1.5120 

1.5136 

1.5152 

1.5167 

1.5183 

1.5199 

1.5215 

1.5231 

1.5247 

50 

1.5263 

1.5279 

1.5295 

1.5312 

1.5328 

1.5344 

1.5360 

1.5376 

1.5393 

1.5409 

51 

1.5426 

1.5442 

1.5458 

1.5475 

1.5491 

1.5508 

1.5525 

1.5541 

1.5558 

1.5575 

52 

1.5591 

1.5608 

1.5625 

1.5642 

1.5659 

1.5676 

1.5693 

1.5710 

1.5727 

1.5744 

53 

1.5761 

1.5778 

1.5795 

1.5812 

1.5830 

1.5847 

1.5865 

1.5882 

1.5899 

1.5917 

54 

1.5934 

1.5952 

13969 

1.5987 

1.6004 

1.6022 

1.6040 

1.6058 

1.6076 

1.6093 

55 

1.6111 

1.6129 

1.6147 

1.6165 

1.6183 

1.6201 

1.6219 

1.6237 

1.6256 

1.6274 

56 

1.6292 

1.6310 

1.6329 

1.6347 

1.6366 

1.6384 

1.6403 

1.6421 

1.6440 

1.64S9 

57 

1.6477 

1.6496 

1.6515 

1.6534 

1.6553 

1.6572 

1.6S91 

1.6610 

1.6629 

1.6648 

58 

1.6667 

1.6686 

1.6705 

1.6724 

1.6744 

1.6763 

1.6782 

1.6802 

1.6821 

1.6841 

59 

1.6860 

1.6880 

1.6900 

1.6919 

1.6939 

1.6959 

1.6979 

1.6999 

1.7019 

1.7039 

60 

1.7059 

1.7079 

1.7099 

1.7119 

1.7139 

1.7160 

1.7180 

1.7200 

1.7221 

1.7241 

61 

1.7262 

1.7282 

1.7303 

1.7324 

1.7344 

1.7365 

1.7386 

1.7407 

1.7428 

1.7449 

62 

1.7470 

1.7491 

1.7512 

1.7533 

1.7554 

1.7576 

1.7597 

1.7618 

1.7640 

1.7661 

63 

1.7683 

1.7705 

1.7726 

1.7748 

1.7770 

1.7792 

1.7814 

1.7836 

1.7858 

1.7879 

64 

1.7901 

1.7924 

1.7946 

1.7968 

1.7990 

1M12 

1.8035 

1.8057 

1.8080 

1.8108 

65 

1.8125 

1.8148 

1.8170 

1.8193 

1.8216 

1.8239 

1.8262 

1.8285 

1.8308 

1.8331 

66 

1.8354 

1.8378 

1J401 

1.8424 

1.8448 

1.8471 

1.8495 

1.8519 

1.8542 

1.8566 

67 

1.8590 

1.8614 

1J638 

1.8662 

1.8686 

1.8710 

1.8734 

1.8758 

1.8782 

1.8807 

66 

1J831 

1.8856 

1.8880 

1.8905 

1.8930 

1.8954 

1.8979 

1.9004 

1.9029 

1.9054 

69 

1.9079 

1.9104 

1.9129 

1.9155 

1.9180 

1.9205 

1.9231 

1.9256 

1.9282 

1.9306 

70 

1.9333 
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TABLE  18.— Degrees  Baumd  Corresponding  to  Specific  Gravities  at  %l  F  (^C) 

Less  than  1 


ICakolatod  from  tbm  temola  dacreat  BcomA* 


140 


—130  which  dafinef  Che  Bttnii^  icale.  In  genenl  om  In  tha 


United  Statet,  for  liquids  lighter  than  water] 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Dtff. 

OJBO 
j61 

M 

103.333 
99J0e 
95J06 
92.222 
88.750 

102.945 
99.133 
95.443 
91J70 
88.409 

102.558 
98.758 
95.080 
91.519 
88.068 

102.172 
98J85 
94.719 
91.169 
87.729 

101.788 
98.013 
94.359 
90.820 
87.391 

101.405 
97.642 
94.000 
90.472 
87.054 

101.023 
97373 
93.642 
90.126 
86.718 

100.642 
96.904 
93.285 
89.780 
86383 

100.263 
96337 
92.930 
89.436 
86349 

99.885 
96.171 
92376 
89392 
85.716 

382 
370 
360 
348 
337 

M 

JS1 
M 
M 

85.385 

82.121 
78.955 
75J82 
72J99 

85.054 
81J00 
78.644 
75.580 
72.605 

84.724 
81.480 
78.333 
75.279 
72.312 

84.395 
81.161 
78.024 
74.978 
72.020 

84.067 
80.843 
77.715 
74.678 
71.729 

83.741 
80.526 
77.407 
74J80 
71.439 

83.415 
80310 
77.101 
74.062 
71.149 

83.090 
79395 
76.795 
73.785 
70361 

82.766 
79381 
76.490 
73.488 
70373 

82.443 
79.268 
76.186 
73.193 
70386 

327 
317 
308 
298 

290 

.70 
.71 
.72 
.73 
.74 

70.000 
67.183 
64.444 
61.781 
59.189 

69.715 
66.906 
64.175 
61.518 
58.934 

69.430 
66.629 
63.906 
61.257 
58.679 

69.146 
66.354 
63.638 
60.996 
58.425 

68.864 
66.078 
63.370 
60.736 
58.172 

68.582 
65J04 
63.103 
60.476 
57.919 

68300 
65331 
62.837 
60317 
57368 

68.020 
65.258 
62372 
59.959 
57.416 

67.740 
64.986 
62308 
59.702 
57.166 

67.461 
64.715 
62344 
59.445 
56.916 

282 
274 
266 
260 
252 

.75 
.76 
.77 
.78 
.79 

56.667 
54.210 
51J18 
49.487 
47.215 

56.418 
53.966 
51.582 
49.257 
46.991 

56.170 
53.727 
51.347 
49.028 
46.768 

55.923 
53.486 
51.113 
48.799 
46.545 

55.676 
53.246 
50.879 
48.571 
46.322 

55.430 
53UW7 
50.645 
48344 
46.101 

55.185 
52.768 
50.412 
48.117 
45379 

54.941 
52329 
50.180 
47391 
45359 

54.697 
52392 
49.949 
47.665 
45.439 

54.453 
52.055 
49.718 
47.440 
45319 

246 
239 
234 
227 
222 

jn 

J3 

M 

45.000 
42.840 
40.732 
38.675 
36.667 

44.781 
42.626 
40.524 
38.472 
'    36.469 

44.564 

42.414 
40.316 
38.269 
36.271 

44.346 
42.202 
40.109 
38.067 
36.074 

44.129 
41.990 
39.903 
37.866 
35J77 

43.913 
41.779 
39.697 
37.665 
35.680 

43.697 
41369 
39.492 
37.464 
35.485 

43.482 
41.359 
39.287 
37.264 
35.289 

43.267 
41.149 
39.082 
37.064 
35.094 

43.053 
40.940 
38378 
36.866 
34.900 

216 
210 
206 
201 
196 

M 

M 
M 

34.706 
32.791 
30.920 
29U>91 
27.303 

34.512 
32.602 
30.735 
28.910 
27.127 

34.319 
32.413 
30.550 
28.730 
26.951 

34.127 
32.225 
30.366 
28.550 
26.775 

33.934 
32.037 
30.183 
28.371 
26.600 

33.743 
31350 
30.000 
28.192 
26.425 

33351 
31.663 

29317 
28.014 
26350 

33361 
31.476 
29.635 
27.835 
26.076 

33.170 
31390 
29.453 
27358 
25.902 

32.980 
31.105 
29.272 
27.480 
25.729 

192 

187 
183 
179 
175 

JO 

SZ 
M 
3i 

25.556 
23.846 
22.174 
20.538 
18.936 

25383 
23.677 
22SM 
20.376 
18.778 

25.211 
23.509 
21.844 
20.215 
18.620 

25.039 
23.341 
21.679 
20.054 
18.462 

24J67 
23.173 
21.515 
19.893 
18.305 

24.696 
23.005 
21351 
19.733 
18.148 

24325 
22338 
21.188 
19.573 
17.991 

24355 
22.672 
21.025 
19.413 
17335 

24.185 
22306 
20362 
19.254 
17379 

24315 
22339 
20.700 
19.095 
17.524 

171 
168 
164 
160 
157 

M 

sn 

M 

17.368 
15.833 
14J30 
12.857 
11.414 

17.214 
15.682 
14.181 
12.712 
11.271 

17.059 
15.530 
14.033 
12.566 
11.129 

16.905 
15.379 
13.885 
12.421 
10.967 

16.751 
15.228 
13.737 
12.276 
10.845 

16397 
15.078 
13.590 
12.132 
10.704 

16.444 
14.928 
13.443 
11.988 
10.562 

16.290 
14.778 
13.297 
11344 
10.421 

16.138 
14328 
13.149 
11.700 
10.281 

15.985 
14.479 
13303 
11.557 
10.140 

154 
150 
147 
144 
142 

LOO 

lOUXX) 
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TABLE  19.— Specific  Giavities  at  ^  F  (^  C)  Corresponding  to  Degrees  Baum^ 

for  Liquids  Lighter  than  Water 

r  Cakolated  from  the  termaUu  Specific  Gravity  ^p.__^___1 
L  — t    in-  '60^'    130+ Deg.  B«  J 


Tenths  of  Degrees  Batim6 

Desrees 

BftomA 

0 

1 

•  2 

3 

4 

5 

6 

7 

8 

9 

10 

1.0000 

0.9993 

0.9986 

0.9979 

0.9972 

0.9964 

0.9957 

0.9950 

0.9943 

0.9936 

11 

.9929 

.9922 

.9915 

.9908 

.9901 

.9894 

.9887 

.9880 

.9873 

.9866 

12 

.9859 

.9852 

.9845 

.9838 

.9831 

.9825 

.9818 

.9811 

.9804 

.9797 

13 

.9790 

.9783 

.9777 

.9770 

.9763 

.9756 

.9749 

.9742 

.9736 

.9729 

14 

.9722 

.9715 

.9709 

.9702 

.9695 

.9689 

.9682 

.9675 

.9669 

.9662 

15 

.9655 

.9649 

.9642 

.9635 

.9629 

.9622 

.9615 

.9609 

.9602 

.9596 

16 

.9589 

.9582 

.9576 

.9569 

.9563 

.9556 

.9550 

.9543 

.9537 

.9530 

17 

.9524 

.9518 

.9511 

.9504 

.9498 

.9492 

.9485 

.9479 

.9472 

.9466 

18 

.9459 

.9453 

.9447 

.9440 

.9434 

.9428 

.9421 

.9415 

.9409 

.9402 

19 

.9396 

.9390 

.9383 

.9377 

.9371 

.9365 

.9358 

.9352 

.9346 

.9340 

20 

.9333 

.9327 

.9321 

.9315 

.9308 

.9302 

.9296 

.9290 

.9284 

.9278 

21 

.9272 

.9265 

.9259 

.9253 

.9247 

.9241 

.9235 

.9229 

.9223 

.9217 

22 

.9211 

.9204 

.9198 

.9192 

.9186 

.9180 

.9174 

.9168 

.9162 

.9156 

23 

.9150 

.9144 

.9138 

.9132 

.9126 

.9121 

.9115 

.9109 

.9103 

.9097 

24 

.9091 

.9085 

.9079 

.9073 

.9067 

.9061 

.9056 

.9050 

.9044 

.9038 

25 

.9032 

.9026 

.9021 

.9015 

.9009 

.9003 

.8997 

.8992 

.8986 

.8980 

26 

.8974 

.8969 

.8963 

.8957 

.8951 

.8946 

.8940 

.8934 

.8929 

.8923 

27 

.8917 

.8912 

.8906 

.8900 

.8895 

.8889 

.8883 

.8878 

.8872 

.8866 

28 

.8861 

.8855 

MSO 

.8844 

.8838 

.8833 

.8827 

.8822 

.8816 

.8811 

29 

.8805 

.8799 

.8794 

.8788 

*  .8783 

.8778 

.8772 

.8766 

.8761 

.8755 

30 

.8750 

.8745 

.8739 

.8734 

.8728 

.8723 

.8717 

.8712 

.8707 

.8701 

31 

J696 

.8690 

.8685 

.8680 

.8674 

.8669 

.8663 

.8658 

.8653 

.8647 

32 

.8642 

.8637 

.8631 

.8626 

.8621 

.8616 

.8610 

.8605 

.8600 

.8594 

33 

.8589 

.8584 

.8579 

.8573 

.8568 

.8563 

.8558 

.8552 

.8547 

.8542 

34 

.8537 

.8531 

.8526 

.8521 

.8516 

.8511 

.8506 

.8500 

.8495 

.8490 

35 

.8485 

.8480 

.8475 

.8469 

.8464 

.8459 

.8454 

.8449 

.8444 

.8439 

36 

.8434 

.8429 

.8424 

.8419 

.8413 

.8406 

.8403 

.8398 

.8393 

.8388 

37 

.8383 

.8378 

.8373 

.8368 

.8363 

.8358 

.8353 

.8348 

.8343 

.8338 

38 

.8333 

.8328 

.8323 

.8318 

.8314 

.8309 

.8304 

.8299 

.8294 

.8289 

39 

.8284 

.8279 

.8274 

.8269 

.8264 

.8260 

.8255 

.8250 

.8245 

.8240 

40 

.8235 

.8230 

.8226 

.8221 

.8216 

.8211 

JS206 

.8202 

.8197 

.8192 

41 

.8187 

.8182 

.8178 

.8173 

.8168 

.8163 

.8159 

.8154 

.8149 

.8144 

42 

.8140 

.8135 

.8130 

.8125 

.8121 

.8116 

.8111 

.8107 

.8102 

.8097 

43 

.8092 

.8088 

.8079 

.8074 

.8069 

.8065 

.8060 

.8055 

.8051 

44 

.8046 

.8041 

.8037 

.8032 

.8028 

.8023 

.8018 

.8014 

.8009 

.8005 

45 

.8000 

.7995 

.7991 

.7986 

.7982 

.7977 

.7973 

.7968 

.7964 

.7959 

46 

!7955 

.7950 

.7946 

.7941 

.7937 

.7932 

.7928 

.7923 

.7919 

.7914 

47 

.7910 

.7905 

.7901 

.7896 

.7892 

.7887 

.7883 

.7878 

.7874 

.7870 

48 

.7865 

.7861 

.7856 

.7852 

.7848 

.7843 

.7839 

.7834 

.7830 

.7826 

49 

.7821 

.7817 

.7812 

.7808 

.7804 

.7799 

.7795 

.7791 

.7786 

.7782 

50 

.7778 

.7773 

.7769 

.7765 

.7761 

.7756 

.7752 

.7748 

.7743 

.7739 

51 

.7735 

.7731 

.7726 

.7722 

.7718 

.7714 

.7709 

.7705 

.7701 

.7697 

52 

.7692 

.7688 

.7684 

.7680 

.7675 

.7671 

.7667 

.7663 

.7659 

.765* 

53 

.7650 

.7646 

.7642 

.7638 

.7634 

.7630 

.7625 

.7621 

.7617 

.7613 

54 

.7609 

.7605 

.7600 

.7596 

.7592 

.7588 

.7584 

.7580 

.7576 

.7572 

55 

.7568 

.7564 

.7559 

.7555 

.7551 

.7547 

.7543 

.7539 

.7535 

.7S3t 
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TABLE  19.— Specific  Giavities  at  ^  F  (^  C)  Corresponding  to  Degrees  Baumd 
for  Liquids  Lighter  than  Water — Continued 


TenflM  of  Decraes  Bcitm« 

Dcfrees 

Baimi« 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

55 

0.7568 

0.7564 

0.7559 

0.7555 

0.7551 

0.7547 

0.7543 

0.7539 

0.7535 

0.7531 

56 

.7527 

.7523 

.7519 

.7515 

.7511 

.7507 

.7503 

.7499 

.7495 

.7491 

57 

.7487 

.7483 

.7479 

.7475 

.7471 

.7467 

.7463 

.7459 

.7455 

.7451 

58 

.7447 

.7443 

.7439 

.7435 

.7431 

.7427 

.7423 

.7419 

.7415 

.7411 

59 

.7407 

.7403 

.7400 

.7396 

.7392 

.7388 

.7384 

.7380 

.7376 

.7372 

60 

.7368 

.7365 

.7361 

.7357 

.7353 

.7349 

.7345 

.7341 

.7338 

.7334 

61 

.7330 

.7326 

.7322 

.7318 

.7315 

.7311 

.7307 

.7303 

.7299 

.7296 

62 

.7292 

.7288 

.7284 

.7280 

.7277 

.7273 

.7269 

.7265 

.7261 

.7258 

63 

.7254 

.7250 

.7246 

.7243 

.7239 

.7235 

.7231 

.7228 

.7224 

.7220 

64 

.7216 

.7213 

.7209 

.7205 

.7202 

.7198 

.7194 

.7191 

.7187 

.7183 

65 

.7179 

.7176 

.7172 

.7168 

.7165 

.7161 

.7157 

.7154 

.7150 

.7147 

66 

.7143 

.7139 

.7136 

.7132 

.7128 

.7125 

.7121 

.7117 

.7114 

.7110 

67 

.7107 

.7103 

.7099 

.7096 

.7092 

.7089 

.7085 

.7081 

.7078 

.7074 

68 

.7071 

.7067 

.7064 

.7060 

.7056 

.7053 

.7049 

.7046 

.7042 

.7039 

69 

.7035 

.7032 

.7028 

.7025 

.7021 

.7018 

.7014 

.7011 

.7007 

.7004 

70 

.7000 

.6997 

.6993 

.6990 

.6986 

.6983 

.6979 

.6976 

.6972 

.6969 

71 

.6965 

.6962 

.6958 

.6955 

.6951 

.6948 

.6944 

.6941 

.6938 

.6934 

72 

.6931 

.6927 

.6924 

.6920 

.6917 

.6914 

.6910 

.6907 

.6903 

.6900 

73 

.6897 

.6893 

.6890 

.6886 

.6883 

.6880 

.6876 

.6873 

.6869 

.6866 

74 

.6863 

.6859 

.6856 

.6853 

.6849 

.6846 

.6843 

.6839 

.6836 

.6833 

75 

.6829 

.6826 

.6823 

.6819 

.6816 

.6813 

.6809 

.6806 

.6803 

.6799 

76 

.6796 

.6793 

.6790 

.6786 

.6783 

.6780 

.6776 

.6773 

.6770 

.6767 

77 

.6763 

.6760 

.6757 

.6753 

.6750 

.6747 

.6744 

.6741 

.6737 

.6734 

78 

.6731 

.6728 

.6724 

.6721 

.6718 

.6715 

.6711 

.6708 

.6705 

.6702 

79 

.6699 

.6695 

.6692 

.6689 

.6686 

.6683 

.6679 

.6676 

.6673 

.6670 

80 

.6667 

.6663 

.6660 

<»  .6657 

.6654 

.6651 

.6648 

.6645 

.6641 

.6638 

81 

.6635 

.6632 

.6629 

.6626 

.6623 

.6619 

.6616 

.6613 

.6610 

.6607 

82 

.6604 

.6601 

.6598 

.6594 

.6591 

.6588 

.6585 

.6582 

.6579 

.6576 

83 

.6573 

.6570 

.6567 

.6564 

.6560 

.6557 

.6554 

.6551 

.6548 

.6545 

84 

.6542 

.6539 

.6536 

.6533 

.6530 

.6527 

.6524 

.6521 

.6518 

.6515 

85 

.6512 

.6509 

.6506 

.6503 

.6500 

.6497 

.6494 

.6490 

.6487 

.6484 

86 

.6482 

.6479 

.6476 

.6473 

.6470 

.6467 

.6464 

.6461 

.6458 

.6455 

87 

.6452 

.6449 

.6446 

.6443 

.6440 

.6437 

.6434 

.6431 

.6428 

.6425 

88 

.6422 

.6419 

.6416 

.6413 

.6410 

.6407 

.6404 

.6401 

.6399 

.6396 

89 

.6393 

.6990 

.6387 

.6384 

.6381 

.6378 

.6375 

.6372 

.6369 

.6367 

90 

.6364 

.6361 

.6358 

.6355 

.6352 

.6349 

.6346 

.6343 

.6341 

.6338 

91 

.6335 

.6332 

.6329 

.6326 

.6323 

.6321 

.6318 

.6315 

.6312 

.6309 

92 

.6306 

.6303 

.6301 

.6298 

.6295 

.6292 

.6289 

.6286 

.6284 

.6281 

93 

.6278 

.6275 

.6272 

.6270 

.6267 

.6264 

.6261 

.6258 

.6256 

.6253 

94 

.6250 

.6247 

.6244 

.6242 

.6239 

.6236 

.6233 

.6231 

.6228 

.6225 

95 

.6222 

.6219 

.6217 

.6214 

.6211 

.6208 

.6206 

.6203 

.6200 

.6197 

96 

.6195 

.6192 

.6189 

.6186 

.6184 

.6181 

.6178 

.6176 

.6173 

.6170 

97 

.6167 

.6165 

.6162 

.6159 

.6157 

.6154 

.6151 

.6148 

.6146 

.6143 

98 

.6140 

.6138 

.6135 

.6132 

.6130 

.6127 

.6124 

.6122 

.6119 

.6116 

99 

.6114 

.6111 

.6106 

.6106 

.6103 

.6100 

.6098 

.6095 

.6092 

.6090 

100 

.6087 

Digitized  by 


Google 


36 


Circular  of  the  Bureau  of  Standards 


TABLE  20. — Conversion  of  Density  Basis 

Prepared  for  use  In  redndng  retdingi  ef  •  hydrometer  cndtiated  to  indicate  density  or  seedflc  gravity  at  a  spedflod 
standard  temperature,  T,  referred  to  water  at  a  specifled  temperature,  T',  as  unity,  to  the  ImsIs  of  another  standard  tem- 
perature, t,  and  reference  temperature,  t'. 

The  factor  J  (given  In  units  of  the  sixth  decimal  place),  multipUed  by  the  density  or  specific-gravity  reading,  gives  the 
correction  to  be  applied  to  the  reading  to  reduce  it  to  the  required  basis. 

Suppose  a  hydrometer  indicates  specific  gravity  at  ^c,  and  it  is  required  to  know  the  correction  hi  order  that  It  ahaU 

15956 
indicate  specific  gravity  at  f^^  C,  then, 

^15956       M*  20* 

20*  15956 

That  is,  if  the  hydrometer  indicates  correctly  a  spedflc  gravity  of  1.5760  at  -^i-,  then  at  j^o^  the  reading  of  the  instrument 

will  be  too  low  by  1.5760X0.001062-0.0017.  A  correction  of  0.0017  must  therefore  be  added  to  the  indication  of  the  hydrometer. 

15956 
Or,  if  a  maker  using  standards  indicating  I>isos5C  wishes  to  graduate  a  hydrometer  to  indicate  density  at  20® 

C  referred  to  water  at  4*  C  \Pj)»  the  readings  of  the  standard  must  be  corrected  by  use  ef  the  factor  +0.001062. 


Suppose  the  standard  reads. 

The  Cbrrespondlng  correction  is  1.6  x  .001062  — . 


Corrected  reading 

The  table  is  calcutated  for  Jena  16ni  giua. 


1.5760 
+0.0017 


1.5777 


Required  Basis  Of  Density 

OirmBuliol 
Drailty 

P 

25* 

^ 

D>V^ 

,15^ 

^^ 

-^ 

^15.56 
^15.56 

^173 

»! 

«l 

T 

f7 

J  (In  Units  ef  the  Sixth  Dedmal  Place) 

• 

D^:c 

0 

-f  115 

-f  172 

+  217 

+  230 

+1104 

+1177 

+1459 

+1884 

+2931 

D^ 

-  115 

0 

+    58 

+  102 

+  115 

+  969 

+1062 

+1345 

+1769 

+2816 

„17.S 

-  172 

-    58 

0 

+    45 

-h    58 

+  932 

+1005 

+1287 

+1711 

+2758 

D'-^ 

-  217 

-  102 

-    45 

0 

+     13 

+  887 

+  960 

+1242 

+1667 

+2713 

I>^ 

-  230 

-  115 

-    58 

-     13 

0 

-f  874 

+  947 

+1229 

+1654 

+2700 

dH 

-1103 

-  988 

-  931 

-  886 

-  873 

0 

+    73 

+  354 

+  779 

+1826 

1>1^ 

-1176 

-1061 

-1004 

-  960 

-  947 

-    73 

0 

+  281 

+  706 

+1752 

17J 
"l7.5 

-1457 

-1343 

-1285 

-1240 

-1227 

-  354 

-  281 

0 

+  424 

+1471 

Di 

-1881 

-1766 

-1708 

-1664 

-1651 

-  778 

-  705 

-  423 

0 

+1046 

^% 

-2P23 

-2808 

-2751 

-2707 

-2694 

-1821 

-1748 

-1468 

-1044 

0 
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TABLE  21. 


-Weight  (in  grams),  at  Various  Pressures  and  Temperatures,  of  1  Liter 
of  Dry  Air  Containing  0.04  Per  Cent  of  CO, 


1.293052 


[CMnpoled  from  Che  lormalA  C- 1 -,-0.003671^760, 

and  t  is  tonperature  in  degreM  centlgnule] 


^76A.  where  h  is  preesure  in  mm  of  mercury  at  0*  C,  and  standard  gnfltjri 


Tamper- 
atarein 

Pressure  in  mm 

©fHg(0' 

C,  Standard  Gravity) 

Def.C 

720 

725 

730 

735 

740 

745 

750 

755 

760 

765 

770 

775 

15 
16 
17 
18 
19 

1.1611 
1.1571 
L1S31 
1.1491 
L1451 

1.1691 
1.1651 
1.1611 
1.1571 
1.1531 

1.1772 
L1731 
1.1691 
1.1650 
1.1611 

1.1853 
1.1812 
1.1771 
1.1730 
1.1690 

1.1933 
1.1892 
L1851 
1.1810 
1.1770 

1.2014 
1.1972 
1.1931 
1.1890 
1.1849 

1.2095 
1.2053 
1.2011 
1.1970 
1.1929 

1.2175 
1.2133 
1.2091 
1.2049 
1.2008* 

1.2256 
1.2213 
1.2171 
1.2129 
1.2088 

1.2336 
1.2294 
1.2251 
1.2209 
1.2167 

1.2417 
1.2374 
1.2331 
1J289 
1.2247 

1.2498 
1.2454 
1.2411 
1.2369 
1.2326 

20 
21 
22 
23 
24 

1.1412 
1.1373 
1.1335 
1.1296 
L1258 

1.1492 
1.1452 
1.1414 
1.1375 
1.1337 

1.1571 
1.1531 
1.1492 
1.1453 
1.1415 

1.1650 
1.1610 
1.1571 
1.1532 
1.1493 

L1729 
1.1689 
1.1650 
1.1610 
1.1571 

1.1809 
1.1768 
1.1728 
1.1689 
1.1649 

1.1888 
1.1847 
1.1807 
1.1767 
1.1727 

1.1967 
1.1926 
1.1886 
1.1846 
1.1806 

1.2046 
1.2005 
1.1965 
1.1924 
1.1884 

1.2126 
1.2064 
1.2043 
1.2002 
1.1962 

1.2205 
1.2163 
1.2122 
1.2061 
1.2040 

1.2284 
1.2242 
1.2201 
1.2159 
1.2118 

2S 
26 
27 
28 
29 

L1220 
iai83 
L1146 
1.1108 
L1072 

1.1298 
1.1261 
1.1223 
1.1186 
1.1149 

1.1376 
1.1338 
1.1300 
1.1263 
1.1225 

1.1454 
1.1416 
1.1378 
1.1340 
1.1302 

1.1532 
1.1494 
1.1455 
1.1417 
1.1379 

1.1610 
1.1571 
1.1533 
L1494 
1.1456 

1.1688 
1.1649 
1.1610 
1.1571 
1.1533 

1.1766 
1.1727 
1.1687 
1.1648 
1.1610 

1.1844 
1.1804 
1.1765 
1.1726 
1.1687 

1.1922 
1.1882 
1.1842 
1.1803 
1.1764 

1.2000 
1.1959 
1.1920 
1.1880 
1.1840 

1.2078 
1.2037 
1.1997 
1.1957 
1.1917 

30 
SI 

1.1035 
U0999 

L1112 
1.1075 

1.1188 
1.1151 

1.1265 
1.1228 

1.1342 
1.1304 

1.1418 
1.1381 

1.1495 
1.1457 

1.1571 
1.1533 

1.1648 
1.1610 

1.1725 
1.1686 

1.1801 
1.1762 

1.1878 
1.1839 

TABLE  22.— Buoyancy  Constants  (mg/cm') 


(DIflenaoa  in  mllliciims  between  the  mass  and  the 
wsl^fs  (d— 8.4)  in  air  at  various  temperatnrea  and 
tisn  la  aasomed.    To  find  the  weight  el  1  cubic 
tte  buoyancy  constant  by  1.135  (42/37)] 


of  water  weighed  with  brasa 
lings  (unreduced).  A  humidity  of  50  per  cent  satura- 
undec^he  conditions  assumed  in  this  table,  multiply 


weight  of  1  cubic 
readings  (unreduced^ 


Preaaure 

Temperature  in  Degrees  Centigrade 

15 

20 

25 

30 

640 

0.904 

0.886 

a«9 

0.852 

650 

0.918 

0.900 

0.883 

0.866 

660 

0.932 

0.914 

0.897 

"      0.879 

g 

670 

0.946 

0.928 

0.911 

0.893 

680 

0.960 

0.942 

0.924 

0.906 

] 

690 

0.975 

0.956 

0.938 

0.920 

700 

0.989 

0.970 

0.952 

0.933 

70S 

0.996 

0.977 

0.958 

0.940 

^ 

710 

1.003 

0.984 

0.965 

0.947 

q 

715 

1.010 

0.991 

0.972 

0.953 

720 

1.017 

0.998 

0.979 

0.960 

725 

1.024 

1.004 

0.985 

0.967 

730 

1.031 

1.011 

0.992 

0.973 

£ 

735 

1.038 

1.018 

0.999 

0.980 

740 

1.045 

1.025 

1.006 

0.987 

745 

1.052 

1.032 

1.013 

0.994 

E 

750 

1.059 

1.039 

1.020 

1.000 

755 

1.067 

1.046 

1.027 

1.007 

0 

760 

1.074 

1.053 

1.034 

1.014 

765 

IMl 

1.060 

1.040 

1.020 

770 

1.088 

1.067 

1.047 

1.027 

775 

1.095 

1.074 

1.054 

1.034 

780 

1.102 

1.081 

1.061 

1.041 
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TABLE  23.— Apparent  Weight  (in  grams)  of  Water  in  Air 

rrUt  table  ghrw  (he  apparent  weight,  for  temperatures  between  15*  and  30*  C,  homldity  SO  per  cent,  unreduced  barometer 
reading  76  cm  of  certain  volumea  of  water  weighed  with  l>rais  weights.  This  table  is  based  on  the  data  given  in  Tables 
1  and  22,  and  may  be  conveniently  employed  to  determine  definite  volnmes  of  water  for  calibrating  instruments.  Ilie 
table  assumes  the  air  to  be  at  the  same  temperature  as  the  water] 


Temp,  in 
DegreeaC 

2000  cc 

1000  cc 

500  cc 

400  cc 

300  cc 

250  cc 

ISOcc 

15 

1996.11 

996.05 

499.03 

399.22 

299.42 

249.51 

149.71 

16 

1995.80 

997.90 

498.95 

399.16 

299.37 

249.48 

149.68 

17 

1995.48 

997.74 

498.87 

399.10 

299.32 

249.43 

149.66 

18 

1995.13 

997.56 

498.78 

399.03 

299.27 

249.39 

149.63 

19 

1994.76 

997.38 

498.69 

398.95 

299.21 

248.34 

149.61 

20 

1994.36 

997.18 

498.59 

398.87 

299.15 

249.30 

149.58 

21 

1993.95 

996.97 

498.49 

398.79 

299.09 

249.24 

149.55 

22 

1993.51 

996.76 

498.38 

398.70 

299.03 

249.19 

149.51 

23 

1993.06 

996.53 

498.26 

398.61 

298.96 

249.13 

149.48 

24 

1992.58 

996.29 

498.15 

398.52 

298.89 

249.07 

149.44 

25 

1992.09 

996.04 

498.02 

398.42 

298.81 

249.01 

149.41 

26 

1991.57 

995.79 

497.89 

398.31 

298.74 

248.95 

149.37 

27 

1991.04 

995.52 

497.76 

398.21 

298.66 

248.88 

149.33 

28 

1990.49 

995.24 

497.62 

398.10 

298.57 

248.81 

149.29 

29 

1989.92 

994.96 

497.48 

397.98 

298.49 

248.74 

149.24 

30 

1989.33 

994.66 

497.33 

397.87 

298.40 

248.67 

149.20 

TABLE  24. — ^Temperature  Correction  for  Glass  Volumetric  Apparatus 

[This  tsble  ghres  the  correction  to  be  added  to  actual  capacity  (determined  at  certain  temoeratures)  to  give  the  capacity  at  thm 
standard  temperature,  20*  C.  Conversely,  by  subtracting  the  corrections  from  the  indicated  capacity  of  an  ins^ument 
standard  at  20*  C  the  corresponding  capacity  at  other  temperatures  Is  obtained.  The  table  assumes  for  the  cubical 
coefficient  of  expansion  of  glass  0.000025  per  degree  centigrade.  The  coefficients  of  expansion  of  glasses  used  for 
volumetric  instruments  vary  from  0.000023  to  0.000028] 


Temp,  in 
Degrees  C 

2000  cc 

1000  cc 

500  cc 

400  cc 

300  cc 

250  cc 

15 

+0.25 

+0.12 

+0.06 

+0.05 

+0.04 

+0.031 

16 

+  .20 

+  .10 

+  .05 

+  .04 

+  .03 

+  .025 

17 

+  .15 

+  .08 

+  .04 

+  .03 

+  .02 

+  .019 

18 

+  .10 

+  .05 

+  .02 

'  +  .02 

+  .02 

+  .012 

19 

+  .05 

+  .02 

+  .01 

+  .01 

+  .01 

+  .006 

21 

-0.05 

-0.02 

-0.01 

-0.01 

-0.01 

-0.006 

22 

-  .10 

-  .05 

-  .02 

-  .02 

-  .02 

-  .012 

23 

-  .15 

-  .08 

-  .04 

-  .03 

-  .02 

-  .019 

24 

-  .20 

-  .10 

-  .05 

-  .04 

-  .03 

-  .025 

25 

-  .25 

-  .12 

-  .06 

-  .05 

-  .04 

-  .031 

26 

-0.30 

-0.15 

-0.08 

-0.06 

-0.04 

-0.038 

27 

-  .35 

-  .18 

-  .09 

-  .07 

-  .05 

-  .044 

28 

-  .40 

-  .20 

-  .10 

-  .08 

-  .06 

-  .050 

29 

-  .45 

-  .22 

-  .11 

-  .09 

-  .07 

-  .056 

ao 

-  .50 

-  .25 

-  .12 

-  .10 

-  .08 

-  .062 

Digitized  by 


Google 


Standard  Density  and  Volumetric  Tables 


39 


TABLES  OF  CORRECTIONS  FOR  DETBRMINIK6  THE  TRUE  CAPACITIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR 

Tables  25  to  37  are  intended  for  the  calculation  of  capacities  of  glass 
vessels  of  common  sizes  from  the  weight  (in  air)  of  the  water  contained  or 
delivered.  They  give  for  each  nominal  capacity  and  observed  temperature 
the  amotmts  to  be  added  to  the  apparent  weight  (in  air  against  brass  weights) 
of  the  water  contained  in  or  deUvered  by  a  glass  vessel  to  give  the  capacity 
in  cubic  centimeters  at  20°  C.  They  are  calculated  on  the  following  data 
assumed  as  approximating  ordinary  conditions: 

Observed  barometric  pressure 76  cm 

Relative  humidity 50  per  cent 

Coefficient  of  expansion  of  glass 0.000025  per  deg.  C 

EXAMPLE  OF  USE   OF  TABLE 

Determination  of  capacity  of  glass  measuring  flask  marked  ''  To  contain 
250  cc  at  20^  C/' 

Apparent  weight  of  water  at  the  observed  temperature  a2?3  C 249.  zpSg 

From  Table  25,  oorrectkm a  8x3 

Actual  capacity  at  20® 25a  oxz oc 

TABLE  25.— Indicated  Capacity  250  cc 

[Amtnali  to  be  added  to  apptmU  wolglit  of  water  In  gruns  to  obtain  actual  capacity  In  cubic  centlmetara  at  20*  C] 


TiaD.ln 

Tentha  of  Dofreea 

Dac^C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IS 

0.518 

0.521 

0324 

0328 

0330 

0.534 

0337 

0.540 

0343 

0346 

16 

.550 

354 

356 

360 

363 

367 

.570 

374 

378 

381 

17 

.584 

.588 

392 

396 

.599 

.603 

.606 

310 

314 

318 

18 

.622 

.626 

330 

.633 

338 

342 

346 

.649 

.654 

358 

19 

.662 

.666 

370 

.674 

379 

383 

.687 

.692 

396 

.700 

20 

.705 

.709 

.714 

.718 

.722 

.727 

.732 

.736 

.741 

.746 

21 

.750 

.754 

.760 

.764 

.769 

.774 

.778 

.784 

.788 

.793 

22 

.798 

.804 

.808 

313 

318 

324 

328 

334 

339 

344 

23 

.849 

.854 

.860 

365 

370 

375 

381 

386 

392 

397 

24 

.902 

.908 

.913 

.919 

.924 

.930 

.936 

.941 

.947 

.952 

25 

.958 

.964 

.969 

.975 

.981 

.986 

.993 

.998 

1304 

1310 

26 

1.016 

1.022 

1.028 

1.034 

1.040 

1.046 

1.052 

1.058 

1.064 

1370 

27 

1.076 

1.082 

1.089 

1.095 

1.101 

1.108 

1.114 

1.120 

1.126 

1.132 

28 

1.139 

1.146 

1.152 

1.158 

1.165 

1.172 

1.178 

1.184 

1.191 

L196 

29 

1.204 

1.211 

1.218 
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TABLES  OF  CORRECTIOKS  FOR  DBTERMmiNG  THE  TRUE  CAPAQTIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR— Continued 

[Amounts  to  be  added  to  apparent  welfht  of  water  in  grams  to  obtain  actual  capacity  In  cubic  centimeters  at  20*  C] 

TABLE  26.— Indicated  Capacity  200  cc 


Tenths  of  Degrees 

Xemp<  In 

Def.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.414 

0.417 

0.419 

0.422 

0.424 

0.427 

0.430 

0.432 

0.435 

0.437 

16 

.440 

.443 

.445 

.448 

.451 

.454 

.456 

.459 

.462 

.465 

17 

.468 

.470 

.473 

.477 

.479 

.482 

.485 

.488 

.491 

.494 

18 

.497 

.501 

.504 

.507 

.510 

.513 

.516 

.519 

.523 

.526 

19 

.529 

.533 

.536 

.540 

.543 

.546 

.550 

.553 

.557 

.560 

20 

.564 

J67 

.571 

.574 

.578 

.582 

.585 

.589 

.593 

596 

21 

.600 

.604 

.606 

.612 

.615 

.619 

.623 

.627 

.631 

.635 

22 

.639 

.643 

.647 

.650 

.655- 

.659 

.663 

.667 

.671 

.675 

23 

.679 

.683 

.688 

.692 

.696 

.700 

.705 

.709 

.713 

.717 

24 

.722 

.726 

.731 

.735 

.739 

.744 

.748 

.753 

.757 

.762 

25 

.766 

.771 

.775 

.780 

.785 

.789 

.794 

.799 

.803 

.806 

26 

.813 

.818 

J622 

.827 

.832 

.837 

.842 

.846 

.851 

.856 

27 

.861 

.866 

Jin 

.876 

.881 

.886 

.891 

.896 

.901 

.906 

28 

.911 

.917 

322 

.927 

.932 

.937 

.942 

.947 

.953 

.958 

29 

.963 

.969 

.974 

TABLE  27.— Indicated  Capacity  150  cc 


15 

0311 

0.313 

0.314 

0.316 

0J18 

0.320 

0.322 

0324 

0326 

0328 

16 

.930 

.332 

.334 

.336 

.338 

.340 

342 

344 

346 

349 

17 

.351 

.353 

.355 

.357 

.359 

.362 

364 

366 

368 

371 

18 

.373 

.375 

.378 

.380 

.383 

.385 

387 

390 

392 

395 

19 

J97 

.400 

.402 

.405 

.408 

.410 

.412 

.415 

.418 

.420 

20 

.423 

.425 

.428 

.431 

.433 

.436 

.439 

.442 

.445 

.448 

21 

.450 

.453 

.456 

.459 

.461 

.464 

.467 

.470 

.473 

.476 

22 

.479 

.483 

.485 

.488 

.491 

.494 

.497 

300 

303 

306 

23 

.509 

.512 

.516 

.519 

.522 

.525 

329 

332 

335 

338 

24 

.541 

.545 

.548 

.551 

3M 

.558 

362 

365 

368 

371 

25 

.575 

.578 

.581 

.585 

.588 

.592 

396 

399 

302 

306 

26 

.610 

.613 

.617 

.620 

.624 

.628 

331 

335 

338 

342 

27 

.645 

.649 

.653 

.657 

.661 

.664 

368 

372 

376 

380 

28 

.684 

.688 

.691 

.695 

.699 

.703 

.707 

.711 

.715 

.719 

29 

.722 

.726 

.730 

TABLE  28.— Indicated  Capacity  100  cc 


15 

0J07 

0308 

0310 

0311 

0.212 

0.213 

0315 

0.216 

0317 

0319 

16 

.220 

321 

323 

324 

325 

.227 

328 

330 

331 

3S3 

17 

334 

335 

337 

338 

340 

341 

343 

.  344 

346 

347 

18 

349 

350 

352 

353 

355 

357 

358 

360 

361 

363 

19 

365 

366 

368 

370 

372 

373 

375 

377 

378 

380 

20 

382 

384 

385 

387 

.289 

391 

.293 

394 

396 

390 

21 

300 

302 

.304 

306 

.308 

310 

311 

314 

315 

.317 

22 

319 

321 

323 

325 

327 

329 

331 

333 

336 

330 

23 

.340 

342 

344 

346 

348 

350 

352 

354 

357 

.850 

24 

361 

363 

.365 

368 

370 

372 

374 

376 

379 

381 

25 

383 

386 

388 

390 

392 

395 

397 

399 

.402 

.404 

26 

.406 

.409 

.411 

.414 

.416 

.418 

.421 

.423 

.426 

.420 

27 

.431 

.433 

.436 

.438 

.440 

.443 

.446 

.448 

.451 

.4S3 

28 

.456 

.458 

.461 

.463 

.466 

.469 

.471 

.474 

.476 

.479 

29 

.482 

.484 

.487 
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TABLES  OF  CORRECTIONS  FOR  DETERMINING  THE  TRUE  CAPACITIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR~Continued 

[Asumnts  to  be  added  to  apperent  weight  of  water  tn  grains  to  obtain  actual  capacity  in  cubic  centimeters  at  20*  C] 

TABLE  29.— Indicated  Capacity  90  cc 


Tenths  of  Degrees 

Temp,  in 

]>eg.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.186 

0.188 

0.189 

0.190 

0.191  " 

0.192 

0.193 

0.194 

0.196 

0.197 

16 

.198 

.199 

.200 

.202 

.203 

.204 

.205 

.207 

308 

309 

17 

wilO 

.212 

.213 

.214 

.216 

317 

.218 

.220 

321 

.222 

18 

.224 

.225 

.227 

.228 

330 

331 

.232 

.234 

.235 

.237 

19 

.238 

.240 

.241 

.243 

344 

346 

347 

.249 

351 

.252 

20 

.254 

.255 

.257 

.258 

.260 

.262 

.263 

.265 

367 

368 

21 

.270 

.272 

.273 

.275 

.277 

.278 

.280 

.282 

.284 

386 

22 

.287 

.289 

.291 

.293 

395 

.296 

398 

300 

302 

.304 

23 

.306 

.306 

.309 

.311 

.313 

315 

317 

.319 

.321 

.323 

24 

.325 

.327 

329 

.331 

333 

335 

337 

.339 

341 

343 

25 

.345 

.347 

.349 

.351 

353 

355 

357 

359 

362 

364 

26 

.366 

J68 

.370 

.372 

374 

377 

379 

381 

383 

385 

27 

.388 

.390 

.392 

394 

.396 

399 

.401 

.403 

.406 

.408 

28 

.410 

.412 

.415 

.417 

.419 

.422 

.424 

.426 

.429 

.431 

29 

.434 

.436 

.438 

TABLE  30.— Indicated  Capacity  80  cc 


15 

0.166 

0.167 

0.168 

0.169 

0.170 

0.171 

0.172 

0.173 

0.174 

0.175 

16 

.176 

.177 

.178 

.179 

.180 

.181 

.183 

.184 

.185 

.186 

17 

.187 

.188 

.189 

.191 

.192 

.193 

.194 

.195 

.196 

.196 

18 

.199 

.200 

.201 

.203 

.204 

305 

.206 

.208 

309 

310 

19 

312 

313 

314 

316 

317 

318 

*    320 

321 

.223 

324 

20 

326 

327 

.228 

330 

.231 

.233 

.234 

336 

.237 

339 

21 

340 

341 

343 

345 

.246 

348 

349 

351 

352 

.254 

22 

355 

357 

359 

.260 

.262 

.264 

.265 

367 

368 

.270 

23 

.272 

373 

.275 

377 

.278 

.280 

.282 

384 

.285 

387 

24 

389 

.290 

392 

394 

.296 

398 

399 

301 

303 

305 

25 

306 

306 

310 

312 

314 

316 

318 

.320 

321 

323 

26 

325 

327 

.329 

331 

333 

335 

.337 

339 

341 

342 

27 

34« 

346 

348 

350 

352 

354 

356 

358 

.360 

362 

28 

365 

367 

369 

371 

373 

375 

377 

379 

381 

383 

29 

385 

387 

390 

TABLE  31.— Indicated  Capacity  70  cc 


15 

0.145 

0.146 

0.147 

0.148 

0.148 

0.149 

0.150 

0.151 

0.152 

0.153 

16 

.154 

.155 

.156 

.157 

.158 

.159 

.160 

.161 

.162 

.163 

17 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

.172 

.173 

18 

.174 

.175 

.176 

.177 

.178 

.180 

.181 

.182 

.183 

.184 

19 

.185 

.186 

.188 

.189 

.190 

.191 

.192 

.194 

.195 

.196 

20 

.197 

.199 

300 

301 

302 

.204 

.205 

.206 

307 

.209 

21 

.210 

.211 

313 

314 

316 

317 

318 

320 

.221 

.222 

22 

324 

.225 

.226 

.228 

329 

330 

.232 

333 

.235 

336 

23 

338 

.239 

341 

342 

.244 

.245 

.247 

.248 

350 

351 

24 

353 

354 

356 

.257 

359 

360 

362 

.263 

365 

.267 

25 

.268 

370 

.271 

373 

.274 

.276 

.278 

380 

.281 

383 

25 

384 

386 

.288 

.289 

.291 

393 

.294 

.296 

398 

.299 

27 

301 

303 

305 

.307 

.308 

310 

312 

314 

315 

317 

28 

319 

321 

323 

324 

326 

328 

.330 

332 

333 

335 

29 

337 

339 

341 
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TABLES  OF  CORRECTIONS  FOR  DETERBONING  THE  TRUE  CAPAQTIES  OF 
GLASS  VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR-Continued 

[AmrniiHi  to  be  tdded  to  tpparent  wdght  of  water  In  grams  to  obtain  actnal  capacity  tai  cubic  cmtfhnetora  at  20*  C] 

TABLE  32.— Indicated  Capacity  60  cc 


Tentlif  olDegreee 

Tenip.tai 

DegTc 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.124 

0.125 

ai26 

0.127 

0.127 

0.128 

ai29 

0.130 

ai3o 

0.131 

16 

.132 

.133 

.134 

.134 

.135 

.136 

.137 

.138 

.139 

.140 

17 

.140 

.141 

.142 

.143 

.144 

.145 

.145 

.147 

.147 

.148 

18 

.150 

.150 

.151 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

19 

.159 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

20 

.169 

.170 

.171 

.172 

.173 

.175 

.176 

.177 

.178 

.179 

21 

.180 

.181 

.182 

.183 

.185 

.186 

.187 

.188 

.189 

.190 

22 

.192 

.193 

.194 

.195 

.196 

.198 

.199 

JOO 

.201 

Ml 

23 

.204 

.205 

J06 

.208 

.209 

.210 

.211 

.213 

.214 

.215 

24 

.216 

.218 

.219 

.220 

.222 

.223 

.225 

.226 

.227 

.228 

2S 

.230 

.231 

.232 

.234 

J35 

.237 

.238 

.240 

OAl 

.242 

26 

.244 

045 

J47 

.248 

.250 

J51 

.253 

.254 

.255 

.257 

27 

.258 

.260 

.261 

.263 

J64 

J66 

.267 

.269 

.270 

.272 

28 

.273 

.275 

.276 

.278 

.280 

Ml 

.283 

.284 

J86 

jn 

29 

.289 

.291 

.292 

TABLE  33. — Indicated  Capacity  50  cc 


15 

0.104 

0.104 

0.105 

0.106 

0.106 

0.107 

0.107 

0.108 

0.109 

0409 

16 

.110 

.111 

.111 

.112 

.113 

.113 

.114 

.115 

.116 

.116 

17 

.117 

.118 

.118 

.119 

.120 

.121 

.121 

.122 

.123 

.124 

18 

.124 

.125 

.126 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

19 

.132 

.133 

.134 

.135 

.136 

.137 

.137 

.138 

.139 

.140 

20 

.141 

.142 

.143 

.144 

.144 

.145 

.146 

.147 

.148 

a49 

21 

.150 

.151 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

22 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

.169 

23 

.170 

.171 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.179 

24 

.180 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.190 

25 

.192 

.193 

.194 

.195 

.196 

.197 

.199 

.200 

.201 

.202 

26 

.203 

.204 

J06 

.207 

J08 

.209 

.210 

.212 

.213 

.214 

27 

.215 

.216 

.218 

.219 

.220 

.222 

.223 

.224 

.225 

.226 

28 

.228 

.229 

.230 

.232 

.233 

.234 

.236 

.237 

.238 

040 

29 

.241 

.242 

.244 

TABLE  34.— Indicated  Capacity  45  cc 


15 

0.093 

0J)94 

0.094 

0i)95 

0.095 

0.096 

0.097 

0U)97 

ajm 

ojm 

16 

.099 

.100 

.100 

.101 

.101 

.102 

.103 

.103 

.104 

.105 

17 

.105 

.106 

.107 

.107 

.108 

.108 

.109 

.110 

.111 

.111 

18 

.112 

.113 

.113 

.114 

.115 

.115 

.116 

.117 

.118 

.118 

19 

.119 

.120 

.121 

.121 

.122 

.123 

.124 

.124 

.125 

.126 

20 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

.132 

•ISS 

034 

21 

.135 

.136 

.137 

.138 

.138 

.139 

.140 

.141 

.142 

.143 

22 

.144 

.145 

.145 

.146 

.147 

.148 

.149 

.150 

051 

.152 

23 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

.160 

O60 

.161 

24 

.162 

.163 

..164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

25 

.172 

.173 

.174 

.176 

.177 

.178 

.179 

.180 

.181 

U82 

26 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.190 

.198 

.193 

27 

.194 

.195 

.196 

.197 

.198 

.199 

OOl 

OQ2 

OOI 

O04 

28 

JOS 

J06 

MfJ 

O09 

OlO 

OH 

012 

013 

JIA 

016 

29 

017 

018 

019 
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TABLES  OF  CORRECTIONS  FOR  DETERMIKING  TQE  TRUE  CAPACITIES  OF 
GLASS  VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR-Continued 

[AnMurii  to  b«  adddd  to  tppareia  w«lg]U  ti  water  In  grams  to  obtain  actiui  capAcity 

TABLE  35.— Indicated  Capacity  40  cc 


Tenttii  of  Degroos 

Tum^  in 

Itof.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.083 

0.083 

0.084 

0.084 

0.085 

0.085 

0.086 

0.086 

0U)87 

0.087 

16 

.088 

jm 

.089 

.090 

.090 

.091 

.091 

.092 

J092 

.093 

17 

X94 

.094 

.095 

.095 

.096 

.096 

.097 

.098 

.098 

.099 

18 

.099 

.100 

.101 

.101 

.102 

.102 

.103 

.104 

.105 

.105 

19 

.106 

.107 

.107 

.108 

.109 

.109 

.110 

.111 

.111 

.112 

20 

.113 

.113 

.114 

.115 

.116 

.116 

.117 

.118 

.119 

.119 

21 

.120 

.121 

.122 

.122 

.123 

.124 

.125 

.125 

.126 

.127 

22 

.128 

.129 

.129 

.130 

.131 

.132 

.133 

.133 

.134 

.135 

23 

.136 

.137 

.138 

.138 

.139 

.140 

.141 

.142 

.143 

.143 

24 

.144 

.145 

.146 

.147 

.148 

.149 

.150 

.151 

.151 

.152 

2S 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

.160 

.161 

.162 

26 

.163 

.164 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

27 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.179 

.180 

.181 

28 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.191 

.192 

29 

.193 

.194 

.195 

TABLE  36.— Indicated  Capacity  35  cc 


15 

0.073 

0.073 

0.073 

0.074 

0.074 

0.075 

0J07S 

0.076 

0.076 

0.076 

16 

.077 

.078 

.078 

.078 

.079 

.079 

.080 

.080 

.081 

.081 

17 

joa 

4)82 

.083 

.083 

.064 

.084 

.085 

.085 

.086 

.086 

18 

M7 

jom 

.088 

.089 

jm 

.090 

.090 

.091 

.091 

.092 

19 

M2 

.099 

.094 

MA 

.095 

.096 

.096 

.097 

.097 

.098 

20 

M9 

.099 

.100 

.100 

.101 

.102 

.102 

.103 

.104 

.104 

21 

.105 

.106 

.106 

.107 

.108 

.108 

.109 

.110 

.110 

.111 

22 

.112 

.113 

.113 

.114 

.115 

.115 

.116 

.117 

.117 

.118 

•     23 

.119 

.120 

.120 

.121 

.122 

.122 

.123 

.124 

.125 

.126 

24 

.126 

.127 

.128 

.129 

.129 

.130 

.131 

.132 

.133 

.133 

25 

.134 

.135 

.136 

.137 

.137 

.138 

.139 

.140 

.141 

.141 

26 

.142 

.143 

.144 

.145 

.146 

.146 

.147 

.148 

.149 

.150 

27 

.151 

.152 

.152 

.153 

.154 

.155 

.156 

.157 

.158  • 

.159 

28 

.159 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

29 

.169 

.170 

.170 

TABLE  37.— Indicated  Capacity  30  cc 


15 

0.062 

0.063 

0.063 

0.063 

0.064 

0.064 

0.064 

0.065 

0.065 

0M6 

16 

.066 

M6 

.067 

.067 

.068 

.068 

.068 

.069 

.069 

.070 

17 

.070 

.071 

.071 

.071 

.072 

.072 

.073 

.073 

.074 

.074 

18 

.075 

MS 

.076 

.076 

.077 

.077 

.077 

.078 

.078 

.079 

19 

.079 

.080 

.080 

.081 

.081 

.082 

.082 

.083 

.084 

.084 

20 

MS 

.085 

.086 

.086 

.087 

.087 

.088 

.088 

.089 

.089 

21 

.090 

.091 

.091 

.092 

.092 

.093 

.093 

.094 

.094 

.095 

22 

M6 

.096 

.097 

•    .098 

.098 

.099 

.099 

.100 

.101 

.101 

23 

.102 

.103 

.103 

.104 

.104 

.105 

.106 

.106 

.107 

.108 

24 

.108 

.109 

.110 

.110 

.111 

.112 

.112 

.113 

.114 

.114 

25 

.115 

.116 

.116 

.117 

.118 

.118 

.119 

.120 

.121 

.121 

26 

.122 

.123 

.123 

.124 

.125 

.126 

.126 

.127 

.128 

.128 

27 

.129 

.130 

.131 

.131 

.132 

.133 

.134 

.134 

.135 

.136 

28 

.137 

.137 

.138 

.139 

.140 

.141 

.141 

.142 

.143 

.144 

29 

.145 

.145 

.146 
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TABLE  38. — Density  (in  grams  per  millfliter)  of  Water  at  Temperatures  from 

0°tol02°C^ 


K^'c 

D«ittt7 

KS'fe 

Dtntttjr 

IS^^C 

Denilty 

0 

0.99987 

35 

0.99406 

70 

0.97781 

1 

.99993 

36 

.99371 

71 

.97723 

2 

.99997 

37 

.99336 

72 

.97666 

3 

.99999 

38 

.99299 

73 

.97607 

4 

1.00000 

39 

.99262 

74 

.97548 

5 

.99999 

40 

.99224 

75 

.97489 

6 

.99997 

41 

.99186 

76 

.97428 

7 

.99993 

42 

.99147 

77 

.97368 

8 

.99988 

43 

.99107 

78 

.97307 

9 

.99981 

44 

.99066 

79 

.97245 

10 

.99973 

45 

.99024 

80 

.97183 

11 

.99963 

46 

.98982 

81 

.97120 

12 

.99952 

47 

.98940 

82 

.97057 

13 

.99940 

48 

.98896 

83 

.96994 

14 

.99927 

49 

.98852 

84 

.96930 

IS 

.99913 

50 

.98807 

85 

.96865 

16 

.99897 

51 

.98762 

86 

.96800 

17 

.99880 

52 

.98715 

87 

.96734 

18 

.99862 

53 

.98669 

88 

.96668 

19 

.99843 

54 

.98621 

89 

.96601 

20 

.99823 

55 

.98573 

90 

.96534 

21 

.99802 

56 

.98524 

91 

.96467 

22 

.99780 

57 

.98478 

92 

.96399^ 

23 

.99756 

58 

.98425 

93 

.96330 

24 

.99732 

59 

.98375 

94 

.96261 

25 

.99707 

60 

.98324 

95 

.96192 

26 

.99681 

61 

.98272 

96 

.96122 

27 

.99654 

62 

.98220 

97 

.96051 

28. 

.99626 

63 

.98167 

98 

.95981 

29 

.99597 

64 

.98113 

99 

.95909 

30 

.99567 

65 

.98059 

100 

.95838 

31 

.99537 

66 

.98005 

101 

.95765 

32 

.99505 

67 

.97950 

102 

.95693 

33 

.99473 

68 

.97894 

34 

.99440 

69 

.97838 

35 

.99406 

70 

.97781 

'  According  to  M.  Thieaen.  Wiss.  Abh.  dcr  Phyiikaltyh-Tcchnischcn  Rdchsanstalt,  4«  No.  i;  1904. 
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Department  of  Commerce 

BUREAU  OF  STANDARDS 


STTPPLEMENT  TO  CIRCULAR  19 


MASTER  SCALES  FOR  THE  GRADUATION  OF  HYDROMETERS 

The  accompanying  tables  were  prepared  for  the  use  of  hydrometer 
makers  in  the  graduation  of  hydrometer  scales  to  indicate  percentages  of 
ethyl  alcohol  by  weight  at  20®  C  or  by  volume  at  60°  F,  and  they  give  the 
proportional  length  of  any  part  of  the  hydrometer  scale,  assuming  that  the 
entire  scale  has  a  length  of  1000  mm*  and  that  the  hydrometer  stem  is  of 
uniform  cross  section.  For  example,  if  it  is  required  to  construct  a  hydrom- 
eter scale  having  a  certain  range  the  spacing  of  the  graduations  of  the  scale 
should  be  made  proportional  to  the  differences  of  the.  lengths  shown  in 
the  table  for  that  range. 

These  tables  were  prepared  from  the  alcoholometric  tables  published 
in  Circular  No.  19,  3d  edition.  The  original  work  on  which  the  tables  are 
based  is  described  in  detail  in  the  Bulletin  of  the  Bureau  of  Standards, 
Vol.  9,  p.  328  (Reprint  No.  197) .  The  indications  of  hydrometers  graduated 
in  accordance  with  these  master  scales  will  be  on  the  basis  officially  adopted 
by  the  Bureau  of  Standards.  Hydrometers  may  also  be  graduated  to  indi- 
cate percentages  of  **  proof  spirit,"  according  to  the  ofiScial  tables  of  the 
United  States  Bureau  of  Internal  Revenue  (adopted  19 13),  by  the  use  of 
the  accompan)ring  master  scale  intended  for  the  graduation  of  hydrometers 
to  indicate  percentages  of  alcohol  by  volimoie  at  60®  F.  The  percentage  of 
proof  spirit  is  in  every  case  twice  the  percentage  of  alcohol  by  volume. 
For  example,  25  per  cent  alcohol  by  volimoie  is  equivalent  to  50  per  cent 
proof  spirit;  50  per  cent  alcohol  by  volume  is  equivalent  to  100  per  cent 
proof  spirit.  The  spacing  of  the  graduations  for  proof  spirit  hydrometers 
can  therefore  be  taken  directly  from  Table  2,  the  per  cent  alcohol  by  volume 
being  multiplied  by  2  in  each  case  to  give  the  equivalent  per  cent  proof 
spirit. 

^  Any  other  convenient  unit  may  be  employed;  the  tabulated  lengths  will  then  be  in  that 
nmt. 
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TABLE    1. — Master    Scale    for   the    Gtaduation    of    Hydrometers    to    Indicate 
Percentages  of  Ediyl  Alcohol  by  Weight  at  20""  C 

(TiBtel  length  of  Male  1000  omiI 


Fwoeal 
•leohol 

L«i«lh 

FwcmC 
•koiwl 

Laocth 

Peront 
•koiwl 

Lenith 

Fwoaot 

Leofth 

FWOMlt 

■kohol 

u^ 

m 

mm 

mm 

mm 

0.0 

0.00 

5.0 

33.78 

10.0 

62.96 

15.0 

09.50 

:   20.0 

115.45 

o.n 

34.40 

63.51 

90.00 

*             J 

115.99 

1.42 

35.02 

64.06 

90.50 

116.53 

2.13 

35.64 

64.61 

91.00 

117.07 

2.84 

36.26 

65.16 

91.50 

117. 61 

3.55 

36.87 

65.71 

91.99 

118.15 

4.26 

37.48 

66.26 

92.48 

.6 

118.69 

4.97 

38.08 

66.81 

92.98 

119.23 

5.68 

38.68 

67.36 

is              93.48 

119.78 

6.38 

39.28 

67.91 

.9               93.98      1           .9 

120.33 

1.0 

7.08 

6.0 

39.88 

ll.O 

68.45       1 

16.0      i         94.49 

21.0 

120.88 

7.78 

40.48 

68.99 

.1       i         95.00 

121.43 

8.48 

.2               41.08       1 

69.53 

.2              95  51 

121.90 

9.18 

41.68 

70.07 

.3              96.02 

122.53 

9.88 

42.28 

70.61 

.4      >        96.53 

123.06 

10.58 

42.88 

7L15 

97.04 

.5 

123.63 

11.28 

43.47 

71.69 

97.55 

124.18 

11.97 

44.06 

72.23 

98.06 

124.73 

12.66 

44.65 

72.77 

98.57 

125.21 

13.35 

45.24 

73.31 

99.08 

125.83 

2.0 

14.04 

7.0 

45.82 

12.0 

73.84 

17.0 

99.60 

22.0 

126.38 

14.73 

46.40 

74.37 

100.12 

126.94 

15.42 

46.98 

74.90 

100.64 

127.50 

16.11 

47.56 

75.43 

101.16 

128.06 

16.80 

48.14 

75.96 

101.68 

128.62 

17.49 

48.72 

76.49 

102.20 

129.19 

18.18 

49.30 

77.02 

102.72 

129.76 

18.87 

49.88 

77.55 

103.24 

130.33 

19.55 

50.46 

78.08 

103.76 

130.90 

20.22 

51.04 

78.61 

104.28 

131.47 

3.0 

20.09 

8.0 

51.62 

13.0 

79.13 

18.0 

104.80 

23.0 

132.04 

21.56 

52.19 

79.65 

105.32 

132.61 

22.22 

52.76 

80.17 

105.85 

133.18 

22.88 

53.33 

88.69 

106.38 

133.75 

23.54 

53.90 

81.21 

106.91 

134.32 

24.30 

54.47 

81.73 

107.44 

*« 

134.88 

24.85 

55.04 

82.25 

107.97 

135.46 

25.50 

55.61 

82.77 

108.50 

,7 

136.09 

26.15 

56.18 

83.29 

109.03 

m 

136.00 

26.80 

56.75 

83.81 

109.56 

137.18 

4.0 

27.45 

9.0 

57.32 

14.0 

84.33 

19.0 

lia09 

24.0 

137.76 

28.09 

57.09 

84.85 

110.62 

1 

138.31 

28.73 

58.46 

85.37 

HI.  15 

138.92 

29.37 

59.03 

85.09 

111.68 

139.50 

30.01 

59.60 

86.41 

112.21 

140.09 

30.64 

60.17 

86.93 

112.75 

140.68 

31.27 

60.73 

87.45 

113.29 

141.  n 

31.90 

61.29 

87.97 

113.83 

141.86 

32.53 

61.85 

88.49 

s 

114.37 

142.45 

33.16 

62.41 

89.00 

.9             114.91 

143.04 

S.0 

33.78 

10.0 

62.96 

15.0 

89.50 

20.0 

115.45 

25.0 

143.63 
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TABLE    1. — Master   Scale    for   the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Weight  at  20°  C— Continued 


tatal 

L«i«di 

Pwcoa 
•leohol 

L«i«di 

Pwotnt 
•kohol 

LMIgtll 

Percoit 
•kohol 

Length 

1 
Percmt 
■kohol 

Lttcth 

mm 

mm 

tntn 

tn«T« 

mm 

&0 

143.63 

30.0 

175.93 

35.0 

2U.09 

40.0 

254.74 

45.0 

300.41 

144.22 

176.63 

213.88 

255.62 

301.85 

144.82 

177.33 

214.67 

256.50 

302.29 

145.42 

178.03 

215.46 

257.38 

303.23 

146.02 

178.73 

216.26 

258.26 

304.17 

146.62 

179.43 

217.06 

259.14 

305.12 

147.23 

180.13 

217.86 

260.02 

306.07 

147.84 

180.84 

•^ 

218.66 

260.90 

307.02 

148.45 

181.55 

1            3 

219.46 

261.79 

307.97 

149.06 

182.26 

220.26 

262.68 

308.92 

36.0 

149.67 

31.0 

182.97 

36.0 

221.06 

41.0 

263.57 

46.0 

309.88 

150.28 

183.68 

221.86 

264.46 

310.84 

150.90 

184.40 

222.67 

265.35 

311.80 

151.52 

185.12 

223.48 

266.24 

312.76 

152.14 

185.85 

224.29 

267.14 

3U.72 

152.77 

186.58 

225.10 

268.04 

314.68 

153.40 

187.31 

225.91 

268.94 

315.64 

154.03 

188.04 

226.73 

269.84 

316.60 

154.66 

188.77 

227.55 

270.74 

317.56 

155.29 

189.51 

228.37 

271.64 

318.52 

9.0 

155.93 

32.0 

190.25 

37.0 

229.19 

42.0 

272.55 

47.0 

819.49 

156-57 

190.99 

230.01 

273.46 

320.46 

157.21 

191.73 

230.84 

274.37 

321.43 

157.85 

192.47 

231.67 

275.28 

322.40 

158.49 

193.21 

232.50 

276.19 

323.37 

159.14 

193.95 

233.34 

277.11 

324.34 

159.79 

194.69 

234.18 

278.03 

325.31 

160.44 

195.44 

235.02 

278.95 

326.28 

161.09 

196.19 

235.86 

279.87 

327.25 

161.74 

196.94 

236.70 

280.79 

328.22 

aio 

162.40 

33.0 

197.69 

38.0 

237.54 

43.0 

281.71 

48.0 

329.19 

163.06 

196.45 

238.38 

282.63 

330.16 

163.72 

199.21 

239.23 

283.55 

331.14 

164.38 

199.97 

240.08 

284.48 

332.12 

165.04 

200.73 

240.93 

285.41 

333.10 

165.70 

201.49 

241.78 

286.34 

334.09 

166.37 

202.25 

242.63 

287.27 

335.06 

167.04 

203.01 

243.49 

288.20 

336.07 

167.71 

203.77 

244.35 

289.13 

337.06 

166.38 

204.53 

245.21 

290.07 

338.05 

a.0 

169.06 

34.0 

205.30 

39.0 

246.07 

44.0 

291.01 

49.0 

339.04 

,1 

169.74 

206.07 

246.93 

.1 

291.95 

340.03 

.2 

170.42 

206.84 

247.79 

292.89 

341.02 

171.10 

207.61 

248.65 

293.83 

342.01 

.4 

171.78 

208.38 

'^A 

249.51 

294.77 

343.00 

,$ 

172.47 

209.16 

250.38 

295.71 

343.99 

173.16 

209.94 

251.25 

.6 

296.65 

344.98 

,7 

173.85 

210.72 

252.12 

297.59 

345.97 

174.54 

211.51 

252.99 

298.53 

346.96 

175.23 

212.30 

253.86 

299.47 

347.96 

IBlO 

175.93 

3S.0 

213.09 

40.0 

254.74 

45.0 

300.41 

50.0 

348.96 
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TABLE    1. — Master   Scale   for   the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Weight  at  20^  C— Continued 


Percent 
•kohel 

Leocdi 

Percent 
ekobol 

length 

Percent 
alcoiiol 

Lencdi 

Percent 
alcoiiol 

Lflocth 

Peroeal 
•kohol 

« 

mm 

mm 

mm 

mm 

mm 

S0.0 

348.96 

55.0 

400.41 

60.0 

454.11 

65.0 

510.19 

70.0 

568.65 

349.96 

401.46 

455.21 

511.34 

1           1 

569.85 

350.96 

402.52 

456.31 

512.49 

.2 

571.05 

351.96 

403.58 

457.41 

513.64 

,3 

572.25 

352.96 

404.64 

458.51 

514.79 

573.4$ 

353.97 

405.70 

459.61 

515.94 

574.65 

354.96 

406.76 

460.71 

517.09 

575.85 

!? 

355.99 

407.82 

461.82 

518.24 

577.05 

357.01 

408.88 

462.93 

519.39 

578.25 

358.03 

409.94 

464.04 

520.54 

579.46 

51.0 

359.05 

56.0 

411.00      I 

61.0 

465.15 

66.0 

521.70 

71.0 

580.67 

360.07 

412.06 

466.26 

522.86 

581.88 

361.09 

413. 12 

467.37 

524.02 

583.09 

362.11      1 

414.18 

468.48 

525.18 

581.90 

363.13 

415. 24       1 

469.59 

526.34 

585.51 

364.15      * 

416.31 

470.70 

527.50 

586.72 

365.17      1 

417.38 

471.81 

528.66 

587.93 

366.19 

418.45       1 

472.92 

529.82 

589.14 

367.22 

419. 52 

474.03 

530.98 

590.35 

366. 2S 

420.59       1 

475.14 

532.14 

591.56 

S2.0 

369.28 

57.0 

421.66       1 

62.0 

476.25 

67.0 

533.30 

72.0 

592.77 

370.31 

422.73 

477.37 

534.46 

593.99 

371.34 

423.80       1 

478.49 

535.62 

595.21 

372.37 

.3 

424.87 

479.61 

536.79 

596. 4S 

373.40 

425.94 

480.73 

537.96 

997.65 

374.43 

427.01 

481.85 

599.13 

598.87 

375.46 

428.08       , 

482.97       i 

540.30 

600.09 

376.49 

429. 15      ' 

484.09 

541.47 

601.31 

377.52 

430.22 

485.21       ' 

542.64 

602.59 

378.55 

431.29 

486.33      I 

543.81 

603.75 

S3.0 

379.58 

58.0 

432.37 

63.0 

487.46 

66.0 

544.98 

73.0 

604.98 

380.61 

433.45 

488.59 

546.15 

606.21 

381.64 

434.53 

489.72 

547.32 

607.44 

382.67 

435.61 

490.85 

548.49 

606.67 

383.70 

1          •* 

436.69 

491.98 

549.66 

609.90 

384.73 

437.77 

493.11 

550.84 

611.13 

385.76 

438.85       1          .6 

494.24 

552.02 

6U.36 

386.80 

439.93       I          .7 
441.02      1!          .8 

495.37 

553.20 

613.59 

387.84 

496.50 

554.38 

614.82 

388.88 

442.11       ' 

.9 

497.64 

.9 

555.56 

616.05 

54.0 

389.92 

59.0 

443.20 

64.0 

498.78 

59.0 

556.74 

74.0 

617.29 

390.96 

444.29 

499.92 

.1 

557.92 

618.53 

392.01 

445.38 

.2 

501.06 

559.10 

619. 7T 

393.06 

446.47 

502.20 

560.29 

621.01 

994.11 

447.56 

503.34 

561.48 

622. 2S 

395.16 

448.65 

.5 

504.48 

562.67 

623.49 

996.21 

449.74 

505.62 

563.86 

624.73 

997.26 

450.83 

506.76 

'.7 

565.05 

625.96 

998.31 

451.92 

507.90 

.8 

566.25 

627.23 

999.36 

453.01 

509.04 

567.45 

628.48 

S5.0 

400.41 

60.0 

454.11 

65.0 

510.19 

70.0 

568.65 

75.0 

629.73 
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TABLE    1. — Master    Scale   for   the    Graduation   of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Weight  at  20°  C— Continued 


MrcMt 

ilnbol 

LMgdl 

PWCOlt 

•kohol 

Uacth 

Percent 
Alcohol 

Length 

Percent 
alcohol 

Length 

Per  cent 
alo^l 

Length 

mm 

mm 

tntn 

nun 

tnqi 

7S.0 

629.73 

80.0 

693.50 

85.0 

760.69 

90.0 

832.76 

95.0 

911.46 

630.98 

694.81 

762.08 

834.26 

913.12 

632.23 

696.12 

763.47 

835.76 

914. 78 

633.48 

697.43 

764.86 

837.27 

916.44 

634.73 

698.74 

766.25 

838.78 

918. 11 

635.98 

700.06 

767.65 

840.29 

919.79 

637.23 

701.38 

769.05 

841.80 

921.47 

638.48 

702.70 

770.45 

843.32 

923.16 

639.73 

704.02 

771.85 

844.84 

924.85 

640.98 

705.34 

.  773.25 

846.37 

926.54 

n.0 

642.23 

81.0 

706.66 

86.0 

774.66 

91.0 

847.90 

96.0 

928.24 

643.48 

707.98 

776.07 

849.43 

929.94 

644.73 

709.30 

777.48 

850.96 

931.64 

64S.99 

710.62 

778.89      1 

852.50 

933.35 

647. 2S 

711.95 

780.30      I 

854.04 

935.06 

618.51 

713. 28 

781.72      1 

855.58 

936.78 

649.77 

714.61 

783.14 

857.12 

938.50 

651.03 

715.94 

784.56 

858.67 

940.22 

652.29 

717.27 

785.98      i 

860.22 

941.95 

653.55 

718.60 

787.40      t 

861.77 

943.68 

77.0 

654.81 

82.0 

719.94 

87.0 

788.83 

92.0 

863.33 

97.0 

945.42 

656.08 

721.28 

790.26 

864.89 

947.17 

657.35 

722.62 

791.70    ; 

866.46 

948.92 

658.62 

723.96 

793.14 

868.03 

950.68 

659.90 

725.30 

794.58 

869.61 

952.44 

661.18 

726.64 

796.02      1 

871.19 

954.21 

662.46 

727.98 

797.46      ( 

872.77 

955.98 

663.74 

729.32 

798.91 

874.35 

957.76 

665.02 

730.66 

800.36 

875.93 

959.55 

666.30 

732.00 

801.81      1 

877.52 

961.34 

7ao 

667.58 

83.0 

733.35 

88.0 

803.26      ; 

93.0 

879.11 

98.0 

963.14 

668.86 

734.70 

804.71 

880.70 

964.94 

670.14 

736.05 

806.16      { 

882.29 

966.75 

671.43 

737.40 

807.61 

883.88 

968.56 

672.72 

738.76 

809.07 

885.48 

970.38 

674.01 

740.12 

810.53 

887.08 

972.20 

675.30 

741.48 

811.99 

888.68 

974.02 

676.59 

742.84 

813.45 

890.29 

975.85 

677.88 

744.20 

814.92 

891.90 

977.58 

679.17 

745.56 

816.39 

893.51 

979.51 

7».0 

680.47 

84.0 

746.92 

89.0 

817.86 

94.0 

895.12 

99.0 

981.35 

681.77 

748.29 

819.34 

896.74 

983.19 

683.07 

749.66 

820.82 

898.36 

985.03 

684.37 

751.03 

822.30 

899.98 

986.88 

685.67 

752.40 

823.79 

901.61 

988.74 

686.97 

753.78 

825.28 

903.24 

990.60 

688.27 

755.16 

826.  n 

904.88 

992.47 

689.57 

756.54 

828.26 

906.52 

994.35 

690.88 

757.92 

829.76 

908.16 

996.23 

692.19 

759.30 

831.26 

909.81 

998.11 

•0.0 

693.50 

85.0 

760.69 

90.0      j       832.76      '\ 

95.0 

911.46 

100.0 

1,000.00 

Digitized  by 


Google 


TABLE    2. — Master    Scale    for   the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Volume  at  W  F 

(TMal  tongth  ol  Male  1000  mm] 


Per  CMC 
•kohol 

Lttgth 

Percent 

alCQlMl 

Length 

Per  cent 
aloohol 

Lttgth 

Percent 
•koliel 

Length 

Percent 
aketel 

LeiVlh 

mm 

tntn 

mm 

mm 

mm 

aoo 

5.0 

27.84 

10.0 

52.30 

15.0 

74.47 

2ao 

94.90 

as8 

28.37 

52.76 

74.89 

.1 

95.30 

1.16 

28.90 

53.22 

75.31 

.2 

95.70 

1.73 

29.43 

53.68 

75.73 

.3 

96.10 

2.31 

29.96 

54.14 

76.15 

.4 

96.  SO 

2.89 

30.48 

54.60 

76.57 

.5 

96.90 

3.47 

31.00 

55.06 

76.99 

.6 

97.30 

4.04 

31.51 

55.52 

77.41 

.7 

97.70 

4.62 

32.02 

.  8 

55.98 

77.83 

.8 

98.11 

S.20 

32.53 

56.44 

78.25 

.9 

98.51 

5.78 

6.0 

33.04 

11.0 

56.90 

16.0 

78.67 

21.0 

98.92 

6.36       ' 

33.55 

57.36 

79.09 

.1 

99. » 

6.93 

34.05 

57.82 

79.51 

.2 

99.74 

7.50 

34.55 

58.28 

79.93 

.3 

loais 

8.07       1 

35.05 

58.74 

80.35 

.4 

ioa56 

8.64 

35.55 

59.20 

8a  77 

.5 

loaoT 

9.21 

36.05 

59.65 

81.19 

.6 

101.38 

9.78 

36.55 

6a  10 

81.60 

.7 

10L79 

10.35 

37.05 

60.55 

82.01 

.8 

102.20 

10.92 

37.55 

61.00 

82.42 

.9 

^02.61 

11.49 

7.0 

38.05 

12.0 

61.45 

17.0 

82.83 

22.0 

103.02 

12.05       1 

38.54 

61.90 

83.24 

.1 

103.43 

12.61        I 

39.03 

62.35 

83.65 

.2 

103.04 

13.17 

39.52 

62.79 

84.06 

.3 

104. 2S 

13.73 

40.01 

63.23 

84.47 

.4 

104.66 

14.29 

40.50 

63.67 

84.88 

.5 

105.06 

14.85 

40.98 

64.11 

85.28 

.6 

105.50  : 

15.41 

41.46 

64.55 

85.69 

.7 

105.92 

15.97 

41.94 

64.99 

86.09 

.8 

106.34  , 

16.52 

42.42 

65.43 

86.49 

.9 

106.76  , 

17.07 

8.0 

42.89 

13.0 

65.87 

l&O 

86.89 

23.0 

107.18 

17.62 

43.36 

66.31 

r.29 

.1 

107.60 

18.17 

43.83 

66.74 

87.69 

.2 

108.02 

18.72 

44.30       1 

67.17 

88.09 

.3 

108.44 

19.27 

44.77 

67.60 

88.50 

.4 

108.86 

19.82       1 

45.24 

66.03 

88.90 

.5 

109.28 

20.37 

45.72 

66.46 

89.30 

.6 

109.70 

20.91 

46.20 

68.89 

89.70 

.7 

iiai2 

21.45 

46.67 

69.32 

90.10 

.8 

lia54 

21.99 

47.14 

69.75 

90.50 

.9 

lia96 

22.53 

9.0 

47.61 

14.0 

70.18 

19.0 

90.90 

24.0 

111.38 

23.07 

48.08 

70.61 

91.30 

.1 

U1.81 

23.60 

48.55 

71.04 

91.70 

.2 

U2.a4 

24.13 

49.02 

71.47 

92.10 

.3 

112.67 

24.66 

49.49 

71.90 

92.50 

.4 

113.10 

25.19 

49.96 

72.33 

92.90 

.S 

113.53 

25.72 

50.43 

72.76 

93.30       1 

.6 

113.96 

26.25 

50.90 

73.19 

93.70 

.7 

114.39 

26.78 

51.37 

73.62 

94.10 

.8 

114.82 

27.31 

51.84 

74.05 

94.50 

.9 

115.25 

27.84 

10.0 

52.30 

15.0 

74.47 

20.0 

94.90 

25.0 

115.68 
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TABLE    2. — Master   Scale   for   the    Graduation    of    Hydrometers    to   Indicate 
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9K9mft 

1-. 

Pwotot 
■kohol 

LMCth 

Percent 
aloohol 

Length     t 

1 

Percent 
•kehel 

Leocdi 

Peroeot 
•kehel 

LeBCth 

mm 

mm 

1 

mm 

mm 

2S.0 

US.  68 

30.0 

138.27 

35.0 

164.35 

40.0 

195.12 

45.0 

230.59 

116. 11 

138.75 

164.92 

195.79 

231.35 

116.54 

139.23 

.2 

165.49 

196.46 

232.11 

.3 

116.97 

139.71 

.3 

166.06 

197.13 

232.87 

.4 

117.40 

.4 

140.20 

166.63 

197.80 

233.63 

117.83 

140.69 

167. 20 

198.47 

234.39 

.( 

118.27 

.5 

141. 18 

167.78 

199.14 

235.16 

.7 

118.71 

141.67 

168.36 

199.82 

235.93 

.8 

119.15 

•  8 

142. 16 

•  8 

168.94 

200.50 

236.71 

'9 

119.59 

142.65 

169.53 

201.18 

237.49 

21.0 

120L03 

31.0 

143.14 

36.0 

170. 12      I 

41.0 

201.86 

46.0 

238.28 

120.47 

143.63 

170.71 

202.55 

239.06 

120.91 

.2 

144.12 

171.30      1 

203.24 

239.84 

.3 

121.35 

144.61 

171.89      ! 

203.93 

240.62 

121.79 

145. 10 

172.48 

204.62 

241.40 

.5 

122.23 

.5 

145.59 

.5 

173.08 

205.31 

242.18 

.5 

122.67 

146.09 

,5 

173.68 

206.00 

242.97 

123.12 

.7 

146.59 

174.28 

206.70 

243.76 

123.57 

.f 

147.11 

174.88 

207.40     • 

244.55 

124.02 

.9 

147.63 

175.48 

208.10 

245.34 

27.0 

124.47 

32.0 

148.15 

37.0 

176.00 

42.0 

208.80 

47.0 

246.14 

,1 

124.92 

148.67 

176.69 

209.50 

246.94 

,2 

125.37 

,2 

149.19 

177.30 

210.20 

247.74 

.3 

125.82 

.3 

149.71 

•  3 

177.91 

210.90 

248.54 

,4 

126.27 

150.23 

,4 

178.52 

211.60 

249.35 

126.72 

150.75 

179.13 

212.31 

250.16 

.( 

127.17 

151.27 

179.75 

213.02 

250.97 

127.62 

.  7 

151.79 

,7 

180.37 

213.73 

251.79 

.t 

128.07 

152.31 

180.99 

214.44 

252.61 

'9 

128.52 

'9 

152.84 

'9 

181.62 

215.15 

253.43 

2&0 

128.98 

33.0 

153.37 

38.0 

182.25      ! 

43.0 

215.87 

48.0 

254.25 

129.44 

153.90 

182.88 

216.59 

255.07 

129.90 

,2 

154.43 

,2 

183.51      1 

217.31 

255.89 

,  J 

130.36 

154.96 

.3 

184. 14 

218.03 

256.71 

.4 

130.82 

,4 

155.50 

.4 

184.77 

218.75 

257.53 

,5 

131.28 

156.04 

.5 

185.40 

219.48 

258.36 

.4 

131.74 

156.58 

.  6 

186.03 

220.21 

*  f- 

259.19 

,7 

132.20 

157.12 

,7 

186.67      i 

220.94 

260.02 

.8 

132.66 

•  8 

157.66 

•  8 

187.31 

221.67 

260.85 

.0 

133.12 

.0 

158.21 

187.95 

222.40 

261.69 

29.0 

133.58 

34.0 

158.76 

39.0 

188.59 

44.0 

223.14 

49.0 

262.53 

,1 

134.04 

.1 

159.31 

189.23 

223.88 

263.37 

134.51 

,2 

159.86 

,2 

189.88 

224.62 

264.21 

.3 

134.98 

.3 

160.42 

190.53 

225.36 

265.05 

135.45 

160.98 

,4 

191.18 

226. 10 

265.89 

.5 

135.92 

161.54 

191.83 

226.84 

266.74 

*0 

136.39 

162.10 

192.48 

227.59 

267.59 

,7 

136.86 

162.66 

193.13 

228.34 

268.44 

.8 

137.33 

163.22 

193.79 

229.09 

269.30 

137.80 

163.78 

'9 

194.45 

229.84 

270.16 

30.0 

138.27 

1      35.0 

164.35 

40.0 

195.12 

45.0 

230.59 

50.0 

271.02 
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TABLE    2.— Master   Scale    for   the    Graduation   of    Hydrometers   to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Volume  at  60^  F.— Continued 


Pwotot 
•kohol 

LMfth 

PWOMit 

•kohol 

1 
Lanctli 

mm 

mm       1 

50.0 

271.02 

55.0 

315.94      1 

271.88 

316.88 

272.74 

317.82 

273.60 

318.76 

274.47 

319.70 

275.34 

320.65 

276.21 

321.60 

277.08 

322.55 

277.95 

323.50 

278.82 

324.45 

Sl.O 

279.70 

56.0 

325.40 

280.58 

326.35 

281.46 

327.31 

282.34 

328.27 

283.22 

329.23 

284.10 

330.19 

284.98 

331.15 

285.  r 

332.11 

286.76    * 

333.07 

287.65 

334.03 

52.0 

288.54 

57.0 

334.99 

289.43 

335.95 

290.32 

336.92 

291.21 

337.89 

292.10 

338.87 

292.99 

.5      I      339.85 

293.89 

.6      1      340.83 

294.79 

.7      1      341.81 

295.69 

342.79 

296.59 

•  9 

343.78 

53.0 

297.50 

58.0 

344.78 

298.41 

345.78 

299.32 

346.78 

300.23 

.3 

347.78 

801.14 

348.78 

802.05 

.5 

349.78 

302.96 

1          ^5 

350.78 

303.  r 

351.78 

304.78 

352.78 

305.70 

353.79 

54.0 

306.62 

59. 0 

354.80 

307.55 

355.81 

308.48 

356.82 

309.41 

357.84 

310.34 

358.86 

311.27 

359.88 

312.20 

360.90 

313.13 

.7      1      361.92 

314.06 

.8      1      362.95 

315.00 

.9             363.98 

55.0 

315.94 

60.0 

365.01      1 

500.56 

501.80 
503.  OS 
504.30 
505.56 
506.82 
508.08 
509.34 
510.60 
511.86 

513.  U 
514.40 
515.67 
516.94 
518.21 
519.48 
S2a76 
522.04 
523.32 
524.60 

525.89 
527.18 
528.47 
529.76 
531.  OS 
532.34 
533.63 
534.92 
536.21 
537.51 
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TABLE    2. — Master    Scale    for   the    Graduation    of    Hydrometers   to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Volume  at  60°  F.— Continued 


PVCMlt 

Length 

Pwcent 
•kohol 

length 

Pwcent 
aloohol 

Lttcth 

Pwcent 
•kohol 

Length 

Percent 
Alcohol 

Length 

mm 

mm 

tn»n 

f^tif 

mm 

7S.0 

538.81 

80.0 

607.33 

85. 0 

682.71 

90.0 

767.67 

95.0 

868.34 

540.12 

608.77 

684.31 

769.50 

870.60 

541.43 

610.21 

685.91 

771.33 

872.87 

542.74 

611.65 

687.52 

773.16 

875.15 

544.05 

613.09 

689.13 

774.99 

877.44 

545.37 

614.53 

690.74 

776.83 

879.74 

546.69 

615.97 

692.36 

778.68 

882.05 

548.01 

617.42 

693.98 

780.54 

884.37 

549.33 

618.87 

695.60 

782.41 

886.71 

550.66 

620.33 

697.23 

784.29 

889.06 

76.0 

552.00 

81.0 

621.79 

86.0 

698.86 

91.0 

786.18 

96.0 

891.43 

553. 34 

623.26 

700.50 

788.08 

893.82 

554.68 

624.73 

702. 14 

789.98 

896.22 

556.02 

626.20 

703.79 

791.88 

898.62 

557.36 

627.67 

705.44 

793.78 

901.03 

558.70 

629.14 

707.10 

795.69 

903.45 

560.05 

630.62 

708.76 

797.62 

905.89 

561.40 

632.10 

710.42 

799.57 

908.34 

562.75 

633.58 

712.08 

801.52 

910.80 

564.10 

635.07 

713.74 

803.49 

913.27 

77.0 

565.45 

82.0 

636.56 

87.0 

715. 41 

92.0 

805.46 

97.0 

915.75 

566.81 

638.05 

717.08 

807.44 

918. 25 

568.17 

639.54 

718. 75 

809.42 

920.77 

569.53 

641.03 

720.43 

811.40 

923. 31 

570.89 

642.53 

722.11 

.4 

813.39 

925.88 

572.25 

644.03 

723.80 

815.38 

928.46 

573.62 

645.54 

725.50 

817.38 

931.05 

574.99 

647.05 

727.20 

819.40 

S33.66 

576. 37 

648.57 

728.90 

821.42 

936.28 

577.75 

650.09 

730.60 

823.45 

938.93 

7B.0 

579.13 

83.0 

651.61 

88.0 

732.31 

93.0 

825.49 

98.0 

941.61 

580.52 

653.13 

734.02 

827.54 

944.33 

581.92 

654.65 

735.  74 

829.60 

947.06 

583.32 

656.18 

737.46 

831.67 

949.80 

584.72 

657.71 

739.19 

833.74 

952.56 

586.12 

659.24 

740.93 

835.82 

955.35 

587.52 

660.77 

742. 68 

837.90 

958.16 

588.92 

662.31 

744.43 

840.00 

961.00 

590.32 

663.85 

746.19 

.8 

842.12 

963.86 

591.72 

665.40 

747.95 

844.25 

966.74 

79.0 

593.12 

84.0 

666.96 

89.0 

749.72 

94.0 

846.40 

99.0 

969.64 

594.53 

668.52 

751.49 

848.56 

972.56 

395.94 

670.08 

753. 27 

850.73 

975.52 

597.35 

671.64 

755.05 

.3 

652.90 

978.50 

598.77 

673.  21 

756.84 

855.08 

981.50 

600.19 

674.79 

758.64 

657.26 

984.52 

601.61 

676.37 

760.45 

659.46 

967.55 

603.04 

677.95 

762.25 

861.67 

990.61 

604.47 

679.53 

764.05 

863.88 

993.71 

605.90 

681.12 

765.86 

866.10 

996.84 

n.0 

607.33 

85.0 

6«.71 

90.0 

767.67 

95.0 

868.34 

100.0 

1,000.00 
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nrTRODUcnoN 

The  wide  application  of  hydrometers  as  measuring  instruments  in  the 
collection  of  revenues  in  commerce  and  in  the  indtistries  makes  it  very  impor- 
tant to  define  the  various  scales  of  indication  of  these  instruments  in  terms 
of  ftmdamental  units. 

The  confusion  and  discordance  heretofore  resulting  from  the  use  of 
various  insufficiently  defined  hydrometer  scales,  and  the  lack  of  opportunity 
for  verifying  standards  on  a  umform  basis,  led  the  Bureau  to  investigate  the 
problems  connected  with  hydrometry  and  to  prepare  standard  density  tables 
for  definition  of  hydrometer  scales. 

In  Btu"eau  Circular  No.  16  the  conditions  are  annotmced  imder  which  the 
testing  of  hydrometers  will  be  conducted,  and  specifications  are  given  as  to 
the  construction,  standardization,  and  accuracy  required  for  hydrometers  in 
order  that  they  be  approved  as  precision  instruments. 

The  present  circular  comprises  the  density  tables  which  have  been 
adopted  for  definition  of  hydrometer  scales,  auxiliary  tables  which  have 
been  prepared  for  reduction  of  hydrometer  readings,  tables  for  computation 
of  voltunetric  capacity,  and  others  of  similar  nattire  giving  physical  constants 
for  which  the  Btu-eau  receives  frequent  inquiries. 

In  all  tables  fotmd  in  this  circular  the  term  density  is  used  to  represent 
the  MASS  per  unit  volume  and  is  expressed  in  grams  per  milliliter. 

The  term  specific  gravity  is  used  to  express  the  relative  masses 

of  EQUAL  volumes  of  the  liquid  in  question  and  of  water,  each  liquid 

being   at   a   definitely   stated   temperature.     For   example,    specific 

60*^ 
gravity  at  ^toF  means  the  specific  gravity  of  the  liquid  at  60*^  F  referred 

to  water  at  60°  F  as  imity. 

The  density  values  in  Tables  i,  2,  8,  12,  13,  26,  and  27  are  numerically 
the  same  as  specific  gravities  at  the  various  temperatures  referred  to  water 
at  4®  C  as  tmity. 

For  the  sake  of  uniformity  the  same  abbreviation,  D,  with  the  proper 
temperature  basis,  is  used  for  both  density  and  specific  gravity. 

S.  W.  Stratton, 

Director. 
Approved: 

William  C.  Redfield, 

Secretary. 
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TABLE  1. — Density*  (in  grams  per  milliliter)  of  Mixtures  of  Ethyl  Alcohol  and 

Water  »• 


Pot  era! 
•letbolby 

XMDp6r>tur8 

weight 

WC 

WC 

20*  C 

25*  C 

30*  C 

35*  C 

40*  C 

0 

0.99973 

a  99913 

a  99823 

0.99708 

a  99568 

a99406 

a  99225 

1 

785 

725 

636 

520 

379 

217 

034 

2 

602 

542 

453 

336 

194 

031 

.96846 

3 

426 

365 

275 

157 

014 

.98849 

663 

4 

258 

195 

103 

98984 

.96839 

672 

48S 

5 

098 

032 

.98938 

817 

670 

501 

311 

6 

.98946 

.98877 

780 

656 

507 

335 

142 

7 

801 

729 

627 

500 

347 

172 

.97975 

8 

660 

584 

478 

346 

189 

009 

808 

9 

524 

442 

331 

193 

031 

.97846 

641 

10 

393 

304 

187 

043 

.97875 

685 

475 

11 

267 

171 

047 

.97897 

723 

527 

312 

12 

145 

041 

.97910 

753 

573 

371 

150 

13 

026 

.97914 

775 

611 

424 

216 

.96969 

14 

.97911 

790 

643 

472 

278 

063 

829 

15 

800 

669 

514 

334 

133 

.96911 

670 

16 

692 

552 

387 

199 

.96990 

760 

512 

17 

583 

433 

259 

062 

844 

607 

352 

18 

473 

313 

129 

.96923 

697 

452 

189 

19 

363 

191 

.96997 

782 

547 

294 

023 

20 

252 

068 

864 

639 

395 

134 

.95856 

21 

139 

.96944 

729 

495 

242 

.95973 

687 

22 

024 

818 

592 

348 

087 

809 

516 

23 

.96907 

689 

453 

199 

.95929 

643 

343 

24 

787 

558 

312 

048 

769 

476 

168 

23 

665 

424 

168 

.95895 

607 

306 

.94991 

26 

539 

287 

020 

738 

442 

133 

810 

27 

406 

144 

.95867 

576 

272 

.94955 

625 

28 

268 

.95996 

710 

410 

098 

774 

438 

29 

125 

844 

548 

241 

.94922 

590 

248 

30 

.95977 

686 

382 

067 

741 

403 

055 

31 

823 

524 

212 

.94890 

557 

214 

.93860 

32 

665 

357 

038 

709 

370 

021 

662 

33 

502 

186 

.94860 

525 

180 

.93825 

461 

34 

334 

Oil 

679 

337 

.93986 

626 

257 

35 

162 

.94832 

494 

146 

790 

425 

051 

36 

.94986 

650 

306 

.93952 

591 

221 

.92843 

37 

805 

464 

114 

756 

390 

016 

634 

38 

620 

273 

.93919 

556 

186 

.92806 

422 

39 

431 

079 

720 

353 

.92979 

597 

208 

40 

238 

.93882 

518 

148 

770 

385 

.91992 

41 

042 

682 

314 

.92940 

558 

170 

774 

42 

.98842 

478 

107 

729 

344 

.91952 

554 

43 

639 

271 

.92897 

516 

128 

733 

332 

44 

433 

062 

685 

301 

.91910 

513 

108 

45 

226 

.92852 

472 

085 

692 

291 

.90684 

46 

017 

640 

257 

.91868 

472 

069 

660 

47 

.92806 

426 

041 

649 

250 

.90845 

434 

48 

593 

211 

.91823 

429 

028 

621 

207 

49 

379 

.91995 

604 

208 

.90805 

396 

.89979 

50 

162 

776 

384 

.90985 

580 

168 

750 

>  The  density  vahies  given  in  this  table  are  numerically  the  same  as  specific  gravities  at  the  various  temperatures  in 
terms  of  water  at  4*  C  ol  unity. 

'•  Tables  1.  2,  3, 4, 5. 6,  and  7  of  this  circular  are  based  on  the  work  done  at  this  Bureau  and  pubUsbed  in  the  Bulletin 
of  the  Bureau  of  Standards,  vol.  9t  No.  3.    (Reprint  No.  197.) 
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TABLE  1. — Density  (in  grams  per  zxulliliter)  of  Mixtures  of  Ethyl  Alcohol  and 

Water — Continued 


^ 

T«mpentiif« 

W0IW 

10*  C 

15*  C 

20«C 

25*  C 

30*  C 

35' C 

40- C 

SO 

a92162 

0.91776 

0.91384 

0.90985 

0.90580 

0.90168 

0.89750 

51 

.91943 

555 

160 

760 

353 

.89940 

519 

52 

723 

333 

.90936 

534 

125 

710 

288 

53 

502 

110 

711 

307 

.89896 

479 

056 

54 

279 

.90685 

485 

079 

667 

248 

.88823 

55 

055 

659 

258 

.89850 

437 

016 

589 

56 

.90831 

433 

031 

621 

206 

.88784 

356 

57 

607 

207 

.89803 

392 

.88975 

552 

122 

58 

381 

.89980 

574 

162 

744 

319 

.87888 

59 

154 

752 

344 

.88931 

512 

085 

653 

60 

.89927 

523 

113 

699 

278 

.87851 

417 

61 

698 

293 

.88882 

466 

044 

615 

180 

63 

468 

062 

650 

233 

.87809 

379 

.86943 

63 

237 

.88830 

417 

.87996 

574 

142 

705 

64 

006 

597 

183 

763 

337 

.86905 

466 

65 

.88774 

364 

.87948 

527 

100 

667 

227 

66 

541 

130 

713 

291 

.86863 

429 

.85987 

67 

308 

.87895 

477 

054 

625 

190 

747 

68 

074 

660 

241 

.86817 

387 

.85950 

507 

69 

.87839 

424 

004 

579 

148 

710 

266 

70 

602 

187 

.86766 

340 

.85908 

470 

025 

71 

365 

527 

100 

667 

228 

.84783 

72 

127 

710 

287 

.85859 

426 

.84986 

540 

73 

.86888 

470 

047 

618 

184 

743 

297 

74 

648 

229 

.85806 

376 

.84941 

500 

053 

75 

408 

.85988 

564 

134 

698 

257 

.83809 

76 

168 

747 

322 

.84891 

455 

OU 

564 

77 

.85927 

505 

079 

647 

211 

.83768 

319 

78 

685 

262 

.84835 

403 

.83966 

523 

074 

79 

442 

018 

590 

158 

720 

277 

.82827 

80  ' 

197 

.84772 

344 

.83911 

473 

029 

578 

81 

.84950 

525 

096 

664 

224 

.82780 

329 

82 

702 

277 

.83848 

415 

.82974 

530 

079 

83 

453 

028 

599 

164 

724 

279 

84 

203 

.83777 

348 

.82913 

473 

027 

576 

85 

.83951 

525 

095 

660 

220 

.81774 

322 

86 

697 

271 

.82840 

405 

.81965 

519 

067 

87 

441 

014 

583 

148 

708 

262 

.80811 

88 

181 

.82754 

323 

.81888 

448 

003 

552 

89 

.82919 

402 

062 

626 

186 

.80742 

291 

90 

654 

227 

.81797 

362 

.80922 

478 

028 

91 

386 

.81959 

529 

094 

655 

211 

.79761 

92 

114 

688 

257 

.80823 

384 

.79941 

491 

93 

.81839 

4U 

.80983 

549 

111 

669 

220 

94 

561 

134 

705 

272 

.79835 

393 

.78947 

95 

278 

.80852 

424 

.79991 

555 

U4 

670 

96 

.80991 

566 

138 

706 

271 

.78831 

388 

97 

698 

274 

.79846 

415 

.78981 

542 

100 

98 

399 

.79975 

547 

117 

684 

247 

.77806 

99 

094 

670 

243 

.78814 

382 

.77946 

507 

100 

.79784 

360 

.78934 

506 

075 

641 

203 

17024«— 16 2 
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TABLE  2.— Density  **>  (in  grams  per  milliliter)  of  Mixtures  of  Ediyl  Alcohol  and 

Water  at  20°  C 


Tenths  of  Per  Cent 

Percent 
Alc<dioIlnr 

Weight 

0 

1 

2 

3 

4 

5 

tt 

7 

8 

9 

0 

a  99823 

804 

785 

766 

748 

729 

710 

692 

673 

655 

636 

618 

599 

581 

562 

544 

525 

507 

489 

471 

2 

453 

435 

417 

399 

381 

363 

345 

327 

310 

292 

3 

275 

257 

240 

222 

205 

188 

171 

154 

137 

120 

4 

103 

087 

070 

053 

037 

020 

003 

♦987 

•971 

•954 

5 

.98938 

922 

906 

890 

874 

859 

843 

.  827 

811 

796 

6 

780 

765 

749 

734 

718 

703 

688 

673 

658 

642 

7 

627 

612 

597 

582 

567 

553 

538 

523 

508 

493 

8 

478 

463 

449 

434 

419 

404 

389 

374 

360 

345 

9 

331 

316 

301 

287 

273 

258 

244 

229 

215 

201 

10 

187 

172 

158 

144 

130 

117 

103 

089 

075 

061 

11 

047 

033 

019 

006 

•992 

•978 

•964 

•951 

•937 

•923 

12 

.97910 

896 

883 

869 

855 

842 

828 

815 

801 

788 

13 

775 

761 

748 

735 

722 

709 

696 

683 

670 

657 

14 

643 

630 

617 

604 

591 

578 

565 

552 

539 

526 

15 

514 

501 

488 

475 

462 

450 

438 

425 

412 

400 

16 

387 

374 

361 

349 

336 

?l? 

310 

297 

284 

272 

17 

259 

246 

233 

220 

207 

181 

168 

155 

142 

18 

129 

116 

103 

069 

076 

063 

050 

037 

024 

010 

19 

.96997 

984 

971 

957 

944 

931 

917 

904 

891 

877 

20 

864 

850 

837 

823 

810 

796 

783 

769 

756 

742 

21 

729 

716 

702 

688 

675 

661 

647 

634 

620 

606 

22 

592 

578 

564 

551 

537 

523 

509 

495 

481 

467 

23 

453 

439 

425 

411 

396 

382 

368 

354 

340 

326 

24 

312 

297 

283 

269 

254 

340 

225 

211 

196 

182 

25 

168 

153 

139 

124 

109 

094 

080 

065 

050 

035 

26 

020 

005 

•990 

•975 

•959 

♦944 

•929 

•914 

•898 

•883 

27 

.95867 

851 

836 

820 

805 

789 

773 

757 

742 

726 

28 

710 

694 

678 

662 

646 

630 

613 

597 

581 

565 

29 

548 

532 

516 

499 

483 

466 

450 

433 

416 

400 

30 

382 

365 

349 

332 

315 

298 

281 

264 

247 

230 

31 

212 

195 

178 

161 

143 

126 

108 

091 

074 

056 

32 

038 

020 

003 

•985 

•967 

•950 

•932 

•914 

•896 

•878 

33 

.94860 

842 

824 

806 

788 

770 

752 

734 

715 

697 

34 

679 

660 

642 

624 

605 

587 

568 

550 

531 

512 

35 

494 

475 

456 

438 

419 

400 

382 

363 

344 

325 

36 

306 

287 

268 

249 

230 

211 

192 

172 

153 

134 

37 

114 

095 

075 

056 

036 

017 

•997 

•978 

•958 

•939 

38 

.93919 

899 

879 

859 

840 

820 

800 

780 

760 

740 

39 

720 

700 

680 

660 

640 

620 

599 

579 

559 

539 

40 

518 

498 

478 

458 

437 

417 

396 

376 

356 

335 

41 

314 

294 

273 

253 

232 

212 

191 

170 

149 

129 

42 

107 

086 

065 

044 

023 

002 

•981 

•960 

•939 

•918 

43 

.92897 

876 

855 

834 

812 

791 

770 

749 

728 

707 

44 

685 

664 

642 

621 

600 

579 

557 

536 

515 

493 

45 

472 

450 

429 

408 

386 

365 

343 

322 

300 

279 

46 

257 

236 

214 

193 

171 

150 

128 

106 

085 

063 

47 

041 

019 

•997 

•976 

•954 

•932 

•910 

•889 

•867 

•845 

48 

.91823 

801 

780 

758 

736 

714 

692 

670 

648 

626 

49 

604 

582 

560 

538 

516 

494 

472 

450 

428 

406 

50 

384 

361 

339 

317 

295 

272 

250 

228 

206 

183 

"»  The  density  vahies  given  in  tlilt  table  ere  numerically  the  tame  as  tpedfic  gravity  at  so*  C  in  terms  of  water  at 
4*  C  as  unity. 
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TABLE  2. — Density  (in  grams  per  milliliter)  of  Mixtures  of  Ethyl  Alcohol  and 

Water,  at  20°  C— Continued 


Tenths  of  Per  Cent 

PvCenI 

Akobolby 

Weight 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SO 

0.91384 

361 

339 

317 

295 

272 

250 

228 

206 

183 

51 

160 

138 

116 

093 

071 

049 

026 

004 

♦981 

♦959 

52 

.90936 

914 

891 

869 

846 

824 

801 

779 

756 

734 

53 

711 

689 

666 

644 

621 

598 

576 

553 

531 

508 

54 

485 

463 

440 

417 

395 

372 

349 

327 

304 

281 

55 

258 

236 

213 

190 

167 

145 

122 

099 

076 

054 

56 

031 

006 

♦985 

•962 

•939 

•917 

♦894 

♦871 

♦848 

♦825 

57 

.89603 

780 

757 

734 

711 

688 

665 

643 

620 

597 

58 

574 

551 

528 

505 

482 

459 

436 

413 

390 

367 

59 

344 

321 

298 

275 

252 

229 

206 

183 

160 

137 

60 

113 

090 

067 

044 

021 

•998 

•975 

♦951 

•928 

•905 

61 

.88882 

859 

836 

812 

789 

766 

743 

720 

696 

673 

62 

650 

626 

603 

580 

557 

533 

510 

487 

463 

440 

63 

417 

393 

370 

347 

323  . 

300 

277 

253 

230 

206 

64 

183 

160 

136 

113 

089 

066 

042 

019 

♦995 

•972 

65 

.87948 

925 

901 

878 

854 

831 

807 

784 

760 

^7 

66 

713 

689 

666 

642 

619 

595 

572 

548 

524 

501 

67 

477 

454 

430 

406 

383 

359 

336 

312 

288 

265 

68 

241 

218 

194 

170 

147 

123 

099 

075 

052 

028 

69 

004 

•981 

*957 

•933 

♦909 

•885 

♦862 

♦838 

♦814 

♦790 

70 

.86766 

742 

718 

694 

671 

647 

623 

599 

575 

551 

71 

527 

503 

479 

455 

431 

407 

383 

359 

335 

311 

72 

287 

263 

239 

215 

191 

167 

143 

119 

095 

071 

73 

047 

022 

•998 

•974 

•950 

•926 

•902 

♦878 

♦854 

♦830 

74 

.85806 

781 

757 

733 

709 

685 

661 

636 

612 

588 

75 

564 

540 

515 

491 

467 

443 

419 

394 

370 

346 

76 

322 

297 

273 

249 

225 

200 

176 

152 

128 

103 

77 

079 

055 

031 

006 

♦982 

•958 

•933 

♦909 

•884 

♦860 

78 

.84835 

811 

787 

762 

738 

713 

689 

664 

640 

615 

79 

590 

566 

541 

517 

492 

467 

443 

418 

393 

369 

•0 

344 

319 

294 

270 

245 

220 

196 

171 

146 

121 

n 

096 

072 

047 

022 

♦997 

•972 

•947 

•923 

•898 

♦873 

82 

.83848 

823 

798 

773 

748 

723 

698 

674 

649 

624 

83 

599 

574 

549 

523 

498 

473 

448 

423 

398 

373 

84 

348 

323 

297 

272 

247 

222 

196 

171 

146 

120 

85 

095 

070 

044 

019 

♦994 

•968 

•943 

^17 

♦892 

♦866 

86 

.82840 

815 

789 

763 

738 

712 

686 

660 

635 

609 

87 

583 

557 

531 

505 

479 

453 

427 

401 

375 

349 

88 

323 

297 

271 

245 

219 

193 

167 

140 

114 

088 

89 

062 

035 

009 

•983 

♦956 

•930 

•903 

♦877 

•850 

♦824 

90 

.81797 

770 

744 

717 

690 

664 

637 

610 

583 

556 

91 

529 

502 

475 

448 

421 

394 

366 

339 

312 

285 

92 

257 

230 

203 

175 

148 

120 

093 

066 

038 

010 

93 

.80983 

955 

928 

900 

872 

844 

817 

789 

761 

733 

94 

705 

677 

649 

621 

593 

565 

537 

509 

480 

452 

95 

iU 

395 

367 

338 

310 

281 

253 

224 

195 

166 

96 

138 

109 

060 

051 

022 

•993 

•963 

♦934 

•905 

♦875 

97 

.79846 

816 

787 

757 

727 

698 

668 

638 

608 

578 

96 

547 

517 

487 

456 

426 

396 

365 

335 

305 

274 

99 

243 

213 

182 

151 

120 

089 

059 

028 

•997 

♦966 

100 

.78934 
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TABLE  3.— Specific  Gravity  at  gl  F  (^  C)  of  Mxtures  (by  Volume)  of  Ethjd 

Alcohol  and  Water 


Per  Cent 

Tenths  of  Per  Cent 

Alcoliol 

bjrVohime 

•t60*F 

0. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1.00000 

♦985 

•970 

*955 

•940 

•925 

•910 

•895 

•880 

•065 

1 

.99850 

835 

820 

806 

791 

776 

761 

747 

732 

717 

2 

703 

688 

674 

659 

645 

630 

616 

602 

587 

573 

3 

559 

545 

531 

516 

502 

488 

474 

460 

446 

432 

4 

419 

405 

391 

378 

364 

350 

336 

323 

309 

296 

5 

282 

269 

255 

242 

228 

215 

202 

189 

176 

163 

6 

150 

137 

124 

111 

098 

085 

073 

060 

047 

035 

7 

022 

009 

•997 

•984 

•972 

•960 

•947 

•935 

•923 

•911 

8 

08899 

887 

875 

863 

851 

838 

826 

814 

803 

791 

9 

779 

767 

755 

743 

731 

720 

708 

696 

684 

672 

10 

661 

649 

637 

625 

614 

602 

590 

579 

567 

556 

11 

544 

532 

521 

509 

498 

487 

475 

464 

452 

441 

12 

430 

419 

408 

St 

385 

374 

363 

352 

341 

330 

13 

319 

308 

297 

275 

264 

254 

243 

232 

221 

14 

210 

200 

190 

179 

168 

157 

147 

136 

125 

115 

15 

104 

093 

083 

072 

062 

051 

040 

030 

019 

009 

16 

.97998 

988 

977 

967 

956 

946 

936 

925 

915 

905 

17 

895 

885 

875 

864 

854 

844 

834 

824 

814 

804 

18 

794 

784 

774 

764 

754 

744 

734 

724 

714 

704 

19 

694 

684 

674 

664 

654 

645 

635 

625 

615 

605 

20 

596 

586 

576 

566 

556 

546 

536 

526 

516 

506 

21 

496 

486 

476 

466 

456 

446 

436 

425 

415 

405 

22 

395 

385 

375 

365 

354 

344 

334 

324 

313 

303 

23 

293 

283 

272 

262 

252 

241 

231 

221 

210 

200 

24 

189 

179 

168 

158 

147 

137 

126 

116 

105 

095 

25 

084 

073 

063 

052 

042 

031 

020 

010 

•999 

•968 

26 

.96978 

967 

957 

946 

935 

924 

914 

903 

892 

881 

27 

870 

859 

848 

837 

826 

815 

804 

793 

782 

771 

28 

760 

749 

738 

727 

715 

704 

693 

682 

671 

659 

29 

648 

637 

625 

614 

603 

591 

580 

568 

557 

546 

30 

534 

522 

511 

499 

488 

476 

464 

453 

441 

429 

31 

418 

406 

394 

382 

370 

358 

346 

334 

321 

309 

32 

296 

284 

271 

259 

246 

234 

221 

209 

196 

183 

33 

170 

157 

144 

132 

119 

106 

093 

080 

067 

054 

34 

041 

028 

015 

002 

•988 

•975 

•962 

•948 

•935 

•921 

35 

.95908 

894 

881 

867 

854 

840 

826 

812 

798 

784 

36 

770 

756 

742 

728 

714 

700 

685 

671 

657  • 

643 

37 

628 

614 

599 

585 

570 

556 

541 

526 

512 

497 

38 

482 

467 

452 

437 

423 

408 

393 

378 

362 

347 

39 

332 

317 

302 

236 

271 

256 

240 

225 

209 

194 

40 

178 

162 

147 

131 

115 

100 

084 

068 

052 

036 

41 

020 

004 

*988 

•972 

•956 

•940 

•923 

•907 

•891 

•875 

42 

.94858 

842 

825 

809 

792 

776 

759 

743 

726 

710 

43 

693 

676 

660 

643 

626 

609 

592 

575 

558 

541 

44 

524 

507 

490 

473 

455 

438 

421 

403  , 

386 

369 

45 

351 

334 

316 

298 

281 

263 

245 

228 

210 

192 

46 

174 

156 

138 

120 

1% 

084 

066 

048 

030 

Oil 

47 

•93993 

975 

956 

938 

901 

883 

864 

845 

827 

48 

808 

789 

771 

752 

733 

714 

695 

676 

657 

638 

49 

619 

600 

581 

562 

543 

523 

504 

485 

465 

446 

90 

426 

407 

387 

368 

348 

328 

309 

289 

270 

250 
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TABLE  3.— Specific  Gravity  at  ^  F  ([f^  C)  of  Mixtures  (by  Volume)  of  Ethyl 

Alcohol  and  Water — Continued 


PwCent 

• 

Tenths  of  Per  Cent 

Alcohol 

bf  Votnmo 

■t60*F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SO 

.93426 

407 

387 

368 

348 

328 

309 

289 

270 

250 

51 

230 

210 

190 

171 

151 

131 

111 

091 

071 

051 

52 

031 

Oil 

"^ 

•971 

•951 

•931 

•911 

•890 

♦870 

•850 

S3 

.92830 

810 

769 

749 

728 

708 

688 

667 

647 

54 

626 

605 

585 

564 

544 

523 

502 

482 

461 

440 

55 

419 

398 

377 

357 

336 

315 

294 

273 

252 

231 

56 

210 

189 

168 

147 

126 

105 

084 

062 

041 

020 

57 

.91999 

978 

956 

935 

914 

892 

871 

849 

827 

806 

58 

784 

762 

741 

719 

697 

675 

653 

631 

610 

588 

59 

565 

543 

521 

499 

477 

455 

433 

410 

388 

366 

60 

344 

322 

299 

277 

255 

232 

210 

188 

165 

143 

61 

120 

097 

075 

052 

030 

007 

•984 

•962 

•939 

•916 

62 

.90893 

870 

847 

825 

802 

779 

756 

733 

710 

687 

63 

664 

641 

618 

595 

572 

549 

526 

503 

480  • 

457 

64 

434 

411 

388 

365 

341 

318 

295 

272 

249 

225 

65 

202 

179 

155 

132 

108 

085 

061 

038 

014 

•991 

66 

.89967 

943 

920 

896 

872 

848 

825 

801 

777 

753 

67 

729 

705 

681 

657 

633 

609 

585 

561 

537 

513 

68 

489 

465 

441 

416 

392 

368 

343 

319 

295 

270 

69 

245 

220 

196 

171 

147 

122 

098 

073 

048 

024 

70 

J8999 

974 

950  • 

925 

900 

875 

850 

825 

801 

776 

71 

751 

725 

700 

675 

650 

625 

600 

574 

549 

524 

72 

499 

474 

448 

423 

397 

372 

346 

321 

296 

270 

73 

244 

218 

193 

167 

141 

116 

090 

064 

039 

013 

74 

.87987 

961 

935 

910 

884 

858 

832 

806 

780 

754 

75 

728 

702 

676 

650 

623 

597 

571 

545 

518 

492 

76 

465 

439 

412 

386 

359 

332 

306 

279 

252 

226 

77 

199 

172 

145 

118 

092 

065 

038 

Oil 

•984 

•957 

78 

.86929 

902 

875 

847 

820 

793 

766 

738 

711 

684 

79 

656 

629 

601 

574 

546 

518 

491 

463 

435 

406 

80 

380 

352 

324 

296 

269 

241 

213 

185 

157 

129 

81 

100 

072 

044 

015 

•987 

•959 

^31 

•902 

•874 

•846 

82 

.85817 

789 

760 

732 

703 

674 

646 

617 

588 

560 

83 

531 

502 

473 

444 

415 

386 

357 

328 

299 

270 

84 

240 

211 

181 

152 

122 

093 

063 

033 

004 

•974 

85 

JM944 

914 

884 

854 

824 

794 

764 

734 

703 

673 

86 

642 

612 

581 

551 

520 

490 

459 

428 

398 

367 

87 

336 

30S 

274 

243 

212 

181 

150 

119 

088 

056 

88 

025 

*994 

*962 

•930 

•899 

•867 

•835 

♦803 

•771 

•739 

89 

.83707 

675 

643 

610 

578 

545 

513 

480 

447 

415 

90 

382 

349 

315 

282 

249 

216 

183 

150 

116 

083 

91 

049 

015 

•981 

•947 

•913 

•879 

•845 

•810 

•776 

•741 

92 

.82705 

670 

635 

600 

565 

529 

494 

458 

423 

387 

93 

351 

315 

279 

243 

206 

170 

133 

096 

059 

022 

94 

.81984 

947 

909 

871 

834 

796 

757 

719 

681 

642 

95 

603 

564 

525 

486 

446 

407 

367 

327 

287 

247 

96 

206 

165 

125 

084 

042 

001 

•960 

•918 

•876 

•834 

97 

.80792 

750 

707 

664 

620 

577 

533 

489 

445 

401 

96 

356 

311 

265 

219 

173 

127 

080 

033 

•985 

•937 

99 

.79889 

841 

792 

743 

693 

643 

593 

543 

492 

441 

100 

389 
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TABLE  4. — Temperature   Corrections   to   Readings   of  Alcoholometers   (Standard 

at  60°  F) 


[Thk  tabto  is  cafeuUted  from  the  Mm«  data  on  the 
6,  and  7  are  calculated.    The  hydrometer  It 
40  and  80^  linear  interpolation  of  the  tabulated 


of  ethjrl  alcohol  ai  that  from  which  Tablea  1«  2, 3,  S. 
to  be  of  Jena  l^  class.   For  the  per  cents  not  given  ttetween 
will  glTe  resolts  snUlclently  exact  tor  most  purposes.] 


Observed  Per  Cent  Alcohol  by  Volume 

Observed 

Tempera- 

ture in 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

DegnM. 

Vahienheit 

Add  to  Observed  Per  Cent  Alcohol 

50 

037 

038 

039 

0.40 

0.42 

0.45 

0.48 

032 

0.56 

0^. 

036 

0.74 

031 

51 

.34 

35 

36 

37 

,39 

.41 

.44 

.47 

31 

.56 

.61 

.68 

.75 

52 

32 

32 

.33 

34 

.35 

38 

.40 

.43 

.47 

31 

.55 

.62 

.68 

53 

.29 

.30 

.30 

31 

32 

34 

.36 

39 

.42 

.46 

.49 

35 

.60 

54 

.26 

.26 

.26 

.27 

38 

39 

32 

34 

36 

.40 

.43 

.48 

.52 

55 

.22 

.22 

.23 

33 

.24 

.25 

.27 

39 

31 

34 

37 

.40 

.44 

56 

.18 

.18 

.18 

.18 

.19 

.20 

.22 

.24 

.25 

.28 

30 

.33 

36 

57 

.14 

.14 

.14 

.14 

.14 

.15 

.17 

.18 

.19 

31 

.23 

.25 

.27 

58 

.09 

.10 

.10 

.10 

.10 

.10 

.11 

.12 

.13 

.14 

.16 

.16 

.18 

59 

.05 

.05 

.05 

M 

.05 

.05 

.06 

.06 

.06 

37 

36 

.08 

.09 

Subtract  from  Observed  Per  Cent  Alcohol 

61 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.07 

0.08 

0.08 

0.06 

0.09 

0.10 

62 

.10 

.11 

.12 

.12 

.13 

.14 

.14 

.16 

.16 

.17 

.18 

.20 

63 

.16 

.17 

.18 

.19 

.20 

.20 

31 

.23 

.24 

35 

.27 

.29 

64 

.22 

.23 

.24 

.25 

.26 

.27 

.29 

31 

32 

34 

37 

.39 

65 

.28 

.29 

.30 

32 

33 

34 

36 

39 

.41 

.43 

.46 

.49 

66 

.34 

35 

36 

.38 

.40 

.42 

.44 

.47 

.50 

32 

.56 

.59 

67 

.41 

.42 

.43 

.45 

.47 

.50 

32 

35 

.58 

31 

.65 

.70 

68 

.48 

.48 

.50 

.52 

34 

.57 

.60 

.64 

.67 

.71 

.75 

30 

69 

35 

36 

37 

39 

.62 

.66 

.68 

.73 

.76 

.80 

.85 

31 

70 

.62 

.63 

.64 

.67 

.70 

.74 

.77 

31 

36 

.90 

.96 

1.02 

72 

.77 

.78 

30 

33 

36 

.90 

.94 

.99 

1.04 

I.IO 

1.16 

1.23 

74 

.93 

.94 

.96 

130 

1.03 

1.09 

1.13 

1.18 

1.25 

132 

1.39 

1.46 

76 

1.10 

1.13 

1.17 

1.21 

1.27 

1.32 

138 

1.46 

1.54 

1.61 

1.70 

78 

138 

131 

135 

1.40 

1.46 

132 

1.59 

1.67 

1.76 

134 

1.94 

80 

1.46 

130 

134 

130 

1.66 

1.73 

130 

139 

1.99 

239 

2.20 

82 

1.64 

1.69 

1.74 

130 

137 

1.94 

232 

2.12 

2.22 

234 

2.45 

84 

134 

1.89 

1.94 

2.00 

2.08 

2.16 

2.25 

2.35 

2.47 

239 

2.71 

86 

ZM 

2.15* 

2.22 

230 

239 

2.49 

2.60 

2.72 

234 

2.97 

88 

230 

237 

2.44 

233 

2.62 

2.73 

235 

2.96 

3.10 

333 

90 

232 

239 

2.66 

2.76 

236 

238 

3.11 

334 

336 

330 

92 

2.74 

232 

2.89 

3.00 

3.11 

3.24 

337 

3.51 

3.64 

3.78 

94 

2.97 

3.04 

3.12 

3.24 

336 

330 

3.63 

3.78 

3.92 

437 

06 

3.28 

3.36 

3.49 

3.62 

3.76 

3.90 

4.05 

4.20 

436 

98 

332 

3.60 

3.74 

338 

4.03 

4.17 

432 

430 

4.66 

100 

3.76 

335 

4.00 

4.15 

430 

4.45 

430 

4.78 

43S 
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TABLE  4. — ^Temperature  Corrections  to   Readings  of  Alcoholometers  (Standard 

at  60°  F)— Continued 


CTbMii>rt 

Observed  Per  Cent  Alcohol  bf  Volnme 

Ss^ 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

bait 

Add  to  Observed  Per  Cent  Alcohol 

50 

0.90 

0.99 

1.09 

1.19 

1.30 

1.41 

1.52 

1.62 

1.72 

1.82 

1.90 

1.98 

51 

.82 

.90 

.99 

1.08 

1.18 

1.28 

138 

1.47 

1.56 

1.64 

1.71 

1.79 

52 

.74 

.80 

.89 

.96 

1.06 

1.14 

1.23 

1.31 

138 

1.46 

1.52 

138 

53 

.65 

.71 

.78 

.85 

.94 

1.00 

1.08 

1.15 

1.21 

1.28 

134 

139 

54 

.57 

.62 

.68 

.74 

.81 

.86 

.94 

.99 

1.04 

1.10 

1.15 

130 

55 

.48 

.52 

.57 

.62 

.68 

.72 

.78 

.83 

.87 

.92 

36 

1.00 

56 

.38 

.42 

.46 

.49 

.54 

.58 

.63 

.67 

.69 

.74 

.77 

30 

57 

.29 

.32 

.35 

.37 

.40 

.44 

.47 

.51 

.53 

.56 

38 

.60 

58 

.19 

.21 

.23 

.24 

.26 

.29 

.32 

.34 

35 

38 

.40 

.40 

59 

.10 

.11 

.12 

.12 

.13 

.14 

.16 

.17 

.18 

.19 

30 

30 

Subtract  from  Observed  Per  Cent  Alcohol 

61 

aio 

0.11 

0.12 

0.13 

0.14 

0.14 

0.15 

0.16 

0.17 

0.17 

0.18 

0.18 

62 

.21 

.22 

.24 

.26 

.27 

.29 

.30 

.32 

34 

.36 

37 

38 

63 

.31 

.32 

.35 

.38 

.41 

.44 

.46 

.49 

31 

33 

35 

36 

64 

.42 

.44 

.48 

.52 

.54 

.58 

.62 

.66 

.68 

.71 

.74 

.77 

65 

.52 

.55 

.60 

.65 

.68 

.73 

.78 

.82 

35 

.90 

32 

.96 

66 

.63 

.66 

.71 

.77 

.82 

.88 

.94 

.98 

1.02 

137 

1.11 

1.16 

67 

.74 

.78 

.84 

.90 

.96 

1.03 

1.10 

1.15 

1.20 

1.25 

130 

135 

66 

.85 

.91 

.97 

1.03 

1.10 

1.18 

1.26 

1.33 

138 

1.44 

1.49 

134 

69 

.97 

1.02 

1.10 

1.17 

1.25 

1.33 

1.42 

1.48 

1.54 

1.61 

1.66 

1.72 

70 

IM 

1.14 

1.23 

1.31 

1.40 

1.49 

1.58 

1.65 

1.72 

1.78 

134 

131 

72 

1.31 

1.39 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

2.06 

2.13 

230 

2.27 

74 

1J5 

1.65 

1.76 

1.88 

1.99 

2.10 

2.22 

2.32 

2.41 

2.48 

236 

2.65 

76 

1.80 

1.91 

2.03 

2.16 

2.28 

2.41 

2.54 

2.65 

2.76 

2.84 

2.93 

3.03 

78 

2U)5 

2.17 

2.30 

2.44 

2.58 

2.72 

2.86 

2.98 

3.10 

3.20 

330 

3.40 

80 

2.31 

2.44 

2.58 

2.72 

2.87 

3.02 

3.17 

3.33 

3.45 

336 

3.67 

3.78 

82 

2J7 

2.71 

2.86 

3.00 

8.16 

3.33 

3.50 

3.66 

3.79 

3.92 

434 

4.18 

84 

2.84 

2.98 

3.13 

3.29 

8.46 

3.63 

3.81 

4.00 

4.14 

4.28 

4.42 

436 

86 

3.11 

3.26 

3.41 

3.58 

8.76 

3.94 

4.13 

4.33 

4.49 

4.65 

430 

4.94 

88 

3.38 

3.54 

3.70 

3.88 

4.07 

4.26 

4.46 

4.67 

434 

5.00 

5.17 

532 

90 

3.66 

3.83 

4.00 

4.18 

4.38 

4.58 

4.78 

5.01 

5.19 

536 

533 

539 

92 

3.94 

4.11 

4.29 

4.48 

4.69 

4.90 

5.12 

5.35 

534 

5.72 

5.90 

6.07    • 

94 

4.23 

4.40 

4.58 

4.79 

5M 

5.22 

5.46 

5.69 

539 

6.08 

6.28 

6.45 

96 

4.53 

4.69 

4J7 

5.10 

5.32 

5.55 

5.80 

6.03 

6.24 

6.44 

6.64 

632 

98 

4J3 

5.00 

5.18 

5.41 

5.64 

5.88 

6.13 

6.38 

6.60 

6.80 

7.02 

730 

100 

5.13 

5.30 

5.49 

5.72 

5.95 

6.21 

6.46 

6.72 

6.95 

7.17 

7.40 

7.59 
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TABLE  4. — Temperature  Conections  to  Readings  of  Alcoholometers   (Standard 

at  60"*  F)— Continued 


CjoMTVCd 

OtMerv«d  Per  Cent  Akobol  bf  Vohime 

Temptra- 
tBrefai 
DaffMt 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3S 

Mnoilictt 

Add  to  Obcerved  Per  Cent  Akohol 

50 

2.06 

2.12 

2.18 

2.24 

2.28 

2.31 

2.32 

2.32 

2.32 

231 

239 

51 

1.85 

1.90 

1.96 

2.02 

2.05 

2.08 

2.10 

2.09 

2.09 

2.08 

2.07 

52 

1.64 

1.69 

1.74 

1.78 

1.82 

1.84 

1.85 

1.86 

1.86 

1.85 

134 

53 

1.44 

1.48 

1.52 

1.56 

1J8 

1.60 

1.61 

1.62 

1.63 

1.62 

1.61 

54 

1.24 

1.27 

1.30 

1J4 

1.36 

1.36 

1.38 

1.39 

1.40 

1J8 

138 

55 

1.03 

1.06 

1.08 

LIO 

1.12 

1.13 

1.14 

1.15 

1.16 

1.15 

1.15 

56 

.82 

.85 

.87 

.89 

.90 

.90 

.91 

.92 

.92 

.92 

.92 

57 

.62 

.64 

.65 

.66 

.67 

.67 

.68 

.69 

.70 

.69 

.69 

58 

.41 

.42 

.43 

.44 

.44 

.44 

.45 

.46 

.46 

.46 

.46 

59 

.21 

.21 

.21 

.22 

.22 

.22 

.22 

JZ 

.23 

.23 

33 

Subtract  from  ObMtved  Per  Cent  Akohol 

61 

0.19 

0^ 

0.20 

0.21 

0.22 

0.23 

0.23 

0.23 

0.23 

0.23 

033 

62 

JS9 

.40 

.41 

.42 

.44 

.46 

.46 

.46 

.46 

.46 

.46 

63 

.59 

.60 

.62 

.64 

.66 

.68 

.68 

.68 

.68 

.68 

.68 

64 

.79 

.80 

.83 

.86 

.88 

.91 

.91 

.91 

.91 

.91 

.91 

65 

.99 

1.00 

1.04 

1.08 

1.10 

1.12 

1.13 

1.13 

1.14 

1.14 

1.14 

66 

1.19 

1.21 

1.25 

1.30 

1.32 

1.35 

1.36 

1.36 

1J6 

1.36 

136 

67 

1.39 

1.41 

1.45 

1.50 

1.54 

1.57 

1.58 

1.59 

1.60 

1.60 

1.60 

68 

1.58 

1.64 

1.68 

1.72 

1.76 

1.79 

1.80 

1.81 

1.82 

1.82 

132 

69 

1.77 

1.82 

1.86 

1.91 

1.96 

2.00 

2.02 

2.03 

2UH 

2.04 

2.04 

70 

1.97 

2.02 

2.08 

2.12 

2.18 

2.22 

2.24 

2.26 

2.27 

2.27 

237 

72 

2.36 

2.42 

2.48 

2.54 

2.60 

2.66 

2.68 

2.70 

2.71 

2.72 

2.72 

74 

2.74 

2.81 

2.88 

2.96 

3.04 

3.10 

3.12 

3.15 

3.16 

3.18 

3.18 

76 

3.14 

3.21 

3.30 

3.38 

3.46 

3.52 

3.56 

3.58 

3.60 

3.63 

3.64 

78 

3.51 

3.61 

3.70 

3.78 

3.86 

3.95 

3.99 

4.03 

4.06 

4.08 

4.09 

80 

3.90 

4.00 

4.10 

4.19 

4.28 

4.37 

4.42 

4.48 

4.51 

4.53 

434 

82 

4.29 

4.40 

4.50 

4.60 

4.70 

4.80 

4.86 

4.91 

4.95 

4.98 

530 

84 

4.68 

4.80 

4.91 

5.02 

5.12 

5.24 

5.30 

5.35 

5.40 

5.42 

5.44 

86 

5.07 

5.20 

5.32 

5.44 

5.54 

5.64 

5.72 

5.79 

5.84 

5.88 

5.90 

88 

5.46 

5.60 

5.72 

5.84 

5.95 

6.06 

6.14 

6.20 

6.26 

631 

634 

90 

5.84 

5.98 

6.12 

6.24 

6.36 

6.46 

6.55 

6.62 

6.68 

6.74 

6.78 

92 

6.23 

6.38 

6.52 

6.66 

6.77 

6.87 

6.97 

7.04 

7.12 

7.18 

732 

94 

6.62 

6.78 

6.93 

7.06 

7.18 

7.29 

7.38 

7.47 

7.54 

7.61 

736 

96 

7.00 

7.17 

7.32 

7.46 

7.60 

7.71 

7.82 

7.90 

7.98 

8.06 

8.10 

96 

7.40 

7.57 

7.72 

7.87 

8.01 

8.12 

8.24 

8.33 

8.42 

830 

834 

100 

7.78 

7.96 

8.12 

8.28 

8.42 

8.55 

8.68 

8.76 

8.84 

8.93 

930 
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TABLE   4. — Temperature  Corrections  to  Readings  of  Alcoholometers  (Standard 

at  60*"  F)— Continued 


ObMcved  Per  Cent  Alcohol  bjr  Volume 

Olmn9d 

^iSSSff" 

36 

37 

38 

39 

40 

45 

50 

55 

60 

65 

70 

jsesi 

htanahatt 

Add  to  Observed  Per  Cent  Alcohol 

SO 

2.28 

2J7 

2.26 

2.25 

2.24 

2.14 

2.04 

1.98 

1.90 

1.85 

1.78 

51 

2.06 

2.04 

2U)3 

2.03 

2.02 

1.91 

1.84 

1.78 

1.71 

1.66 

1.60 

52 

1.82 

1.80 

1.80 

1.80 

1.79 

1.71 

1.64 

1.58 

1.52 

1.47 

1.48 

S3 

1.60 

1.58 

1.58 

1.58 

1.56 

1.50 

1.44 

1.38 

1.33 

1.29 

1.2s 

54 

;.37 

1.36 

1.36 

1.36 

1.34 

1.28 

1.23 

1.19 

1.14 

1.11 

1.08 

55 

1.14 

1.13 

1.13 

1.13 

1.11 

1.06 

1.02 

.99 

.95 

.92 

.90 

56 

.91 

M 

.90 

.90 

.89 

.85 

.81 

.79- 

.76 

.74 

.72 

57 

.68 

Jbl 

.68 

.68 

.67 

.64 

.61 

.59 

SI 

^ 

.54 

58 

.46 

.46 

.46 

.46 

.45 

.42 

.40 

.39 

.39 

.38 

.36 

59 

.23 

.23 

.23 

.23 

.23 

.21 

.20 

.20 

.19 

.18 

.18 

Subtract  from  Obserred  Per  Cent  Alcohol 

61 

0.23 

0.23 

0.23 

0.23 

0.23 

0.22 

0.21 

0.20 

0.20 

0.18 

0.18 

62 

.46 

.46 

.46 

.45 

.45 

.44 

.42 

.40 

^ 

.38 

.36 

63 

.68 

.68 

.68 

.68 

.68 

.66 

.62 

.60 

.58 

.56 

.54 

64 

.92 

.92 

.91 

.90 

.90 

.87 

.84 

.81 

.78 

.75 

.72 

65 

1.14 

1.14 

1.13 

1.12 

1.12 

1.09 

1.05 

1.01 

.97 

.94 

M 

66 

IJ37 

1J6 

1J6 

1.35 

1.34 

1.30 

1.25 

1.21 

1.17 

1.13 

1.09 

67 

1.60 

1.60 

1.60 

1.58 

1.56 

1.52 

1.46 

1.41 

1J7 

1.32 

1.27 

68 

1.82 

1.82 

1.81 

1.80 

1.79 

1.74 

1.66 

1.61 

1.55 

1.50 

1.45 

69 

2.04 

2.03 

2.03 

2.03 

2.01 

1.96 

1.88 

1.81 

1.75 

1.69 

1.63 

70 

2.27 

2.27 

2.26 

2.25 

2.24 

2.17 

2.09 

2.02 

1.95 

1.88 

XXL 

72 

2.72 

2.72 

2.72 

2.70 

2.68 

2.61 

2.51 

2.42 

2.34 

2.26 

2.18 

74 

3.18 

3.17 

3.17 

3.16 

3.14 

3.04 

2.93 

2.83 

2.73 

2.65 

2J6 

76 

3.63 

3.62 

3.62  . 

3.60 

3.58 

3.47 

3J5 

3.24 

3.13 

3.03 

2.93 

78 

4.09 

4.06 

4.07 

4.06 

4.02 

3.92 

3.78 

3.64 

3.53 

3.42 

3J0 

80 

4.54 

4.53 

4.52 

4.50 

4.48 

4.36 

4.20 

4.05 

3.93 

3.80 

3.68 

82 

5.00 

4.98 

4.98 

4.96 

4.94 

4.81 

4.63 

4.47 

4.33 

4.19 

4.06 

84 

5.45 

5.44 

5.43 

5.40 

5.38 

5.25 

5.06 

4.88 

4.73 

4.58 

4.44 

86 

5.90 

5.89 

5.88 

5.86 

5.84 

5.70 

5.49 

5.30 

5.14 

4.98 

4.82 

88 

6.35 

6.34 

6.33 

6.31 

6.29 

6.14 

5.92 

5.72 

5.54 

5.37 

5.20 

90 

6.80 

6.80 

6.78 

6.76 

6.73 

6.58 

6.36 

6.14 

5.95 

5.76 

5.59 

92 

7.25 

7.25 

7.22 

7.20 

7.18 

7.03 

6.80 

6.56 

6.36 

6.16 

5.98 

94 

7.70 

7.70 

7.67 

7.66 

7.63 

7.48 

7.24 

6.98 

6.77 

6.56 

6.37 

96 

8.14 

8.15 

8.12 

8.11 

8.08 

7.92 

7.68 

7.40 

7.19 

6.96 

6.76 

98 

8.58 

8.60 

8.58 

8.56 

8.54 

8.36 

8.11 

7.82 

7.60 

7.36 

7.1$ 

100 

9.03 

9JM 

9.03 

9.01 

8.98 

8.81 

8.45 

8.25 

8.02 

7.76 

7.54 
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TABLE   4. — Temperature  Corrections  to  Readings  of  Alcoholometers  (Standard 

at  60''  F) — Continued 


ObMrved  Per  Cent  Alcohol  by  Voltune 

OlMerved 

Tempen- 

tnnlo 

75 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

DagrtM 

Add  to  Obseived  Per  Cent  Alcohol 

SO 

1.71 

1.63 

1.62 

1.60 

1.58 

1.56 

1.53 

1.51 

1.48 

1.46 

1.43 

51 

1.54 

1.47 

1.46 

1.44 

1.42 

1.40 

1.38 

1.36 

1.33 

1.31 

1.28 

52 

1.36 

1.30 

1.30 

1.28 

1.26 

1.24 

1.22 

1.20 

1.18 

1.16 

1.14 

53 

1.20 

1.15 

1.14 

1.12 

1.11 

IM 

1.07 

1.06 

1.04 

1.02 

1.00 

54 

1.04 

.96 

.98 

.96 

.95 

.94 

.92 

.91 

-.89 

.88 

.86 

55 

.87 

.82 

.81 

.80 

.79 

.78 

.76 

.75 

.74 

.74 

.72 

56 

.70 

.66  , 

.65 

.64 

.63 

.62 

.61 

.60 

.59 

.58 

.57 

57 

.53 

.49 

.49 

.49 

.48 

.47 

.46 

.46 

.45 

.44 

.43 

58 

.34 

.32 

.32 

.32 

.31 

.30 

.30 

.30 

.30 

.29 

.28 

59 

.17 

.16 

.16 

.16 

.16 

.15 

.15 

.15 

.15 

.15 

.14 

Subtract  from  Obseived  Per  Cent  Alcohol 

61 

0.17 

0.17 

0.17 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.15 

62 

.34 

.34 

.34 

.32 

JM 

.32 

.32 

.31 

.31 

.31 

.30 

63 

.52 

.50 

.50 

.48 

.48 

.48 

.48 

.47 

.46 

.46 

.44 

64 

.70 

.68 

.66 

.65 

.65 

.64 

.63 

.62 

.61 

.60 

.59 

65 

.86 

.84 

.82 

.82 

.81 

.80 

.79 

.78 

.77 

.76 

.74 

66 

1.05 

1.00 

.99 

.98 

.97 

.96 

.94 

.93 

.92 

.90 

.88 

67 

1.22 

1.17 

1.16 

1.14 

1.13 

1.12 

1.10 

1.09 

1.06 

1.06 

1.02 

68 

1.40 

1.33 

1.32 

1.31 

1.29 

1.28 

1.26 

1.24 

1.22 

1.20 

1.17 

69 

1.57 

1.50 

1.49 

1.47 

1.46 

1.44 

1.42 

1.40 

1J8 

1.36 

1.32 

70 

1.75 

1.68 

1.66 

1.64 

1.62 

1.60 

1.58 

1156 

1.54 

1.51 

1.48 

72 

2.10 

2.02 

2.00 

1.97 

1.95 

1.93 

1.90 

1.88 

1.85 

1.82 

1.78 

74 

2.46 

2.36 

2.34 

2.30 

2.28 

2.26 

2.24 

2.20 

2.17 

2.13 

un 

76 

2.81 

2.70 

2.68 

2.64 

2.61 

2.59 

2.56 

2.52 

2.48 

2.44 

2.40 

78 

3.18 

3.04 

3.02 

2.98 

2.94 

2.92 

2.88 

2.84 

2.80 

2.76 

2.71 

80 

3.54 

3.38 

3.36 

3.32 

3.28 

3.26 

3.22 

3.17 

3.13 

3.06 

3U)2 

82 

3.90 

3.72 

3.71 

S.66 

3.62 

3.59 

3.54 

3.50 

3.45 

S.40 

3.33 

84 

4.27 

4.08 

4.05 

4.00 

3.96 

3.92 

3.88 

3.83 

3.77 

3.72 

S.65 

86 

4.64 

4.43 

4.39 

4J5 

4.30 

4.26 

4.21 

4.16 

4.10 

4.04 

3.96 

88 

5.00 

4.78 

4.75 

4.70 

4.65 

4.60 

4.55 

4.50 

4.44 

4.37 

4.29 

90 

5.37 

5.14 

5.10 

5.06 

5.00 

4.95 

4.88 

4.83 

4.77 

4.70 

4.61 

92 

5.75 

5.50 

5.46 

5.42 

5.36 

5.30 

5.23 

5.18 

5.10 

5.03 

4.94 

94 

6.12 

5.86 

5.81 

5.76 

5.70 

5.64 

5.58 

5.51 

5.44 

536 

5.26 

96 

6.50 

6.23 

6.17 

6.12 

6.06 

5.99 

5.92 

5.86 

5.78 

5.69 

5.59 

90 

6.88 

6.60 

6.50 

6.48 

6.41 

6.34 

6.26 

6.20 

6.11 

6.02 

5.92 

100 

7.26 

6.96 

6.89 

6.84 

6.76 

6.70 

6.61 

6.54 

6.44 

6.36 

6.26 
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TABLE   4. — ^Temperature  Corrections  to  Readings  of  Alcoholometers  (Standard 

at  60®  F)— Continued 


Observed  Per  Cent  Alcohol  by  Volume 

ObMrred 

90 

ttnin 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

DtCKMI 

flikniilieil 

Add  to  Obeerved  Per  Cent  Alcohol 

SO 

1^ 

1.36 

132 

1.27 

1.22 

1.17 

1.12 

1.06 

0.99 

0.93 

51 

1.25 

1.22 

1.18 

1.14 

1.10 

IM 

131 

.95 

39 

34 

52 

1.12 

1.09 

1.06 

1.02 

.98 

.94 

.90 

35 

.79 

.74 

53 

.98 

.96 

.93 

.90 

.86 

33 

.79 

.74 

.70 

35 

54 

.84 

.82 

.80 

.77 

.74 

.72 

.68 

.64 

30 

36 

55 

.70 

.69 

.66 

.64 

.62 

.60 

37 

33 

30 

.47 

56 

.56 

.55 

.53 

.52 

.49 

.48 

.45 

.43 

.40 

38 

57 

.42 

.41 

.40 

.39 

37 

36 

34 

32 

30 

39 

58 

.28 

.27 

.26 

.26 

.24 

.24 

.23 

.21 

.20 

.19 

59 

.14 

.14 

.13 

.13 

.12 

.12 

.12 

.11 

.10 

.10 

Subtract  from  GbMived  Per  Cent  Alcohol 

• 

;    u 

0.15 

ai4 

0.14 

0.13 

0.13 

0.12 

0.12 

0.11 

0.10 

0.10 

039 

62 

.29 

.28 

.27 

.26 

.25 

.24 

.23 

.22 

.21  . 

.19 

.18 

63 

J3 

.42 

.41 

.39 

38 

.36 

35 

33 

31 

.29 

.27 

64 

SS 

.55 

.54 

.52 

31 

.49 

.46 

.44 

.41 

39 

36 

65 

.72 

.70 

.68 

.66 

.64 

.61 

38 

.55 

32 

.49 

.46 

66 

.86 

.84 

.82 

.79 

.76 

.73 

.70 

.67 

.63 

39 

35 

67 

IJOO 

.98 

.96 

.93 

.90 

36 

32 

.78 

.74 

.70 

.64 

68 

1.15 

1.12 

1.09 

1.06 

1.02 

.98 

.94 

.90 

.85 

30 

.74 

69 

.1.30 

1.26 

1.23 

1.20 

1.16 

1.10 

1.06 

1.02 

.96 

.90 

34 

70 

1.45 

1.41 

1.37 

1.34 

1.29 

133 

1.19 

1.14 

137 

130 

.94 

72 

1.74 

1.70 

1.65 

1.61 

135 

1.49 

1.43 

137 

130 

132 

1.13 

74 

2U>5 

2M 

1.94 

1.89 

132 

1.75 

1.69 

1.61 

133 

1.43 

1.33 

76 

2.35 

2.29 

2.23 

2.17 

2.09 

2.01 

1.94 

135 

1.76 

135 

133 

78 

2.65 

2.59 

2.52 

2.46 

2.36 

2.28 

2.20 

2.10 

2.00 

137 

1.73 

80 

2.96 

2.89 

2.82 

2.74 

2.64 

2.56 

2.46 

235 

234 

2.09 

1.93 

82 

3.26 

3.20 

3.12 

3U)3 

2.92 

234 

2.72 

2.60 

2.48 

232 

2.14 

84 

3.57 

3.50 

3.39 

332 

3.21 

3.10 

2.96 

236 

2.73 

2.56 

236 

86 

3.89 

3.80 

3.72 

3.62 

331 

338 

3.26 

3.13 

2.98 

2.80 

238 

88 

4.20 

4.12 

4.02 

3.91 

330 

3.66 

334 

339 

334 

3.06 

231 

90 

4.52 

4.42 

4.32 

4.20 

4.08 

3.94 

331 

3.66 

3.50 

330 

333 

92 

4.84 

4.74 

4.62 

4.50 

438 

4.23 

4.10 

3.93 

3.76 

3.55 

336 

94 

5.16 

5.06 

4.94 

4.80 

4.67 

432 

438 

4.20 

4.02 

330 

330 

96 

5.49 

5.39 

5.25 

5.11 

4.97 

4.82 

437 

4.48 

4.29 

4.06 

3.73 

98 

5.82 

5.70 

5.56 

5.42 

5.27 

5.12 

4.95 

4.76 

4.55 

431 

3.96 

100 

6.15 

6.02 

5M 

5.74 

538 

5.42 

5.24 

5.04 

432 

4.56 

431 
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TABLE  S. — Percentages  by  Volume  at  60^  F,  Corresponding  to  Various  Percentages 
by  Weight  in  Mixtures  of  Ethyl  Alcohol  and  Water 


VttCmt 


Tenths  of  Per  Cent 


We2|bt 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.000 

0.126 

0.252 

0378 

0.504 

0.630 

0.755 

0.881 

1.007 

1.132 

1 

1.2S7 

1.382 

1.508 

1.633 

1.759 

1.884 

2.009 

2.134 

2360 

2385 

2 

2.S10 

2.635 

2.760 

2385 

3.010 

3.135 

3.259 

3.384 

3309 

3.633 

3 

3.7S8 

3.883 

4.007 

4.132 

4.256 

4381 

4.505 

4.629 

4.754 

4378 

4 

5.002 

5.126 

5.250 

5374 

5.499 

5.623 

5.747 

5371 

5.995 

6.119 

5 

6.243 

6.367 

6.491 

6.614 

6.738 

6.862 

6.985 

7.109 

7.232 

7356 

6 

7.479 

7.602 

7.726 

7.849 

7.972 

8.096 

8.219 

8342 

8.466 

8.589 

7 

8.712 

8.835 

8.958 

9.081 

9.205 

9.328 

9.451 

9.574 

9.697 

9320 

8 

9.943 

10.066 

10.189 

10.311 

10.434 

10.557 

10.679 

10.802 

10.925 

11.047 

9 

11.169 

11.292 

11.414 

11.536 

11.659 

11.781 

11.904 

12.026 

12.149 

12371 

10 

12.393 

12.515 

12.637 

12.760 

12.882 

13.004 

13.126 

13.248 

13370 

13.492 

11 

13.613 

13.735 

13.857 

13.979 

14.101 

14.223 

14.345 

14.466 

14.588 

14.710 

12 

14.832 

14.954 

15.075 

15.197 

15319 

15.440 

15.562 

15.683 

15.805 

15.926 

13 

16.047 

16.168 

16.290 

16.411 

16.532 

16.654 

16.775 

16.896 

17.017 

17.138 

14 

17.259 

17.380 

17301 

17.622 

17.743 

J7.864 

17.985 

18.106 

18.227 

18348 

IS 

18.469 

18.590 

18.711 

18.832 

18.952 

19.073 

19.194 

19315 

19.435 

19.556 

16 

19.676 

19.797 

19.917 

20.038 

20.158 

20.279 

20399 

20319 

20.640 

20.760 

17 

20.880 

21.000 

21.120 

21.241 

21361 

21.481 

21.601 

21.721 

21341 

21.961 

18 

22.081 

22.201 

22321 

22.441 

22.561 

22.680 

22300 

22.919 

23.039 

23.159 

19 

23.278 

23.398 

23317 

23.636 

23.756 

23.876 

23.995 

24.114 

24.234 

24353 

20 

24.472 

24.591 

24.710 

24.829 

24.949 

25.068 

25.187 

25305 

25.424 

25.543 

21 

25.662 

25.781 

25.900 

26.018 

26.137 

26.256 

26.375 

26.493 

26.612 

26.730 

22 

26.849 

26.968 

27.086 

27.204 

27.323 

27.441 

27.559 

27.677 

27.796 

27.914 

23 

28.032 

28.150 

28.268 

28.386 

28.504 

28.622 

28.740 

28.858 

28.976 

29.093 

24 

29.210 

29.328 

29.446 

29363 

29.681 

29.799 

29.917 

30.035 

30.152 

30.270 

25 

30.388 

30.505 

30.622 

30.739 

30.855 

30.972 

31.089 

31.205 

31322 

31.438 

26 

31.SSS 

31.672 

31.788 

31.905 

32.021 

32.138 

32.254 

32370 

32.487 

32.603 

27 

32.719 

32.835 

32.951 

33.068 

33.184 

33.300 

33.416 

33.532 

33.647 

33.763 

28 

33.879 

33.995 

34.111 

34.227 

34.342 

34.458 

34.573 

34.688 

34.803 

34.918 

29 

35.033 

35.148 

35.263 

35.378 

35.493 

35.608 

35.723 

35.838 

35.952 

36.066 

30 

36.181 

36.296 

36.410 

36.524 

36.639 

36.753 

36.867 

36.981 

37.095 

37309 

31 

37.323 

37.437 

37.551 

37.664 

37.778 

37.892 

38.005 

38.119 

38.232 

38346 

32 

38.459 

38.572 

38.686 

38.799 

38.912 

39.025 

39.138 

39.251 

39.364 

39.477 

33 

39.590 

39.703 

39.816 

39.928 

40.041 

40.154 

40.266 

40.379 

40.492 

40.604 

34 

40.716 

40.828 

40.940 

41.052 

41.163 

41.275 

41.386 

41.498 

41.609 

41.721 

35 

41.832 

41.943 

42.055 

42.166 

42.277 

42.389 

42.500 

42.611 

42.722 

42333 

36 

42.944 

43.055 

43.165 

43.276 

43.387 

43.498 

43.608 

43.719 

43.829 

43.939 

37 

44.050 

44.160 

44.270 

44.381 

44.490 

44.600 

44.710 

44.820 

44.930 

45.039 

38 

45.149 

45.259 

45.368 

45.478 

45.587 

45.696 

45.806 

45.915 

46.024 

46.133 

39 

46.242 

46351 

46.460 

46.569 

46.678 

46.786 

46.895 

47.003 

47.112 

47.220 

40 

47328 

47.436 

47.544 

47.652 

47.760 

47.868 

47.976 

48.084 

48.192 

48399 

41 

48.407 

48.515 

48.622 

48.730 

48337 

48.945 

49.052 

49.159 

49.266 

49373 

42 

49.480 

49.587 

49.694 

49.801 

49.907 

50.014 

50.120 

50.226 

50.333 

50.439 

43 

50.545 

50.651 

50.757 

50.864 

50.970 

51.076 

51.182 

51388 

51.304 

51.499 

44 

51.605 

51.711 

51316 

51.922 

52.027 

52.132 

52.238 

52343 

52.448 

S2.SS3 

45 

52.658 

52.763 

52.868 

52.973 

53.078 

53.182 

53387 

53.392 

53.496 

53.601 

46 

53.705 

53.809 

53.914 

54.018 

54.122 

54.226 

54.330 

54.434 

54.538 

54.642 

47 

54.746 

54.850 

54.954 

55.057 

55.161 

55.264 

55368 

55.471 

55.574 

55.677 

48 

55.780 

55.883 

55.986 

56.089 

56.192 

56.295 

56.398 

56.500 

56.603 

56.706 

49 

56.808 

56.910 

57.013 

57.116 

57.218 

57.320 

57.422 

57.522 

57.626 

57.728 

SO 

57.830 

57.932 

58.034 

58.135 

58.237 

58.338 

58.440 

58.541 

58.642 

58.743 
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TABLE  5. — Percentages  by  Volume  at  60°  F,  Corresponding  to  Various  Percentages 
by  Weight  in  Mixtures  of  Ethyl  Alcohol  and  Water — Continued 


PwCent 
Akabol 

Tenths  of  Per  Cent 

W%it 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50 
51 
52 
53 
54 

57.830 
58.844 
59.852 
60.854 
61.850 

57.932 
58.945 
59.952 
60.954 
61.949 

58.034 
59.046 
60.053 
61.054 
62.048 

58.135 
59.147 
60.154 
61.154 
62.147 

58.237 
59.248 
60.254 
61.2S4 
62.246 

58.338 
59.349 
60.354 
61353 
62344 

58.440 
59.450 
60.454 
61.453 
62.443 

58.541 
59.550 
60.554 
61.552 
62.542 

58.642 
59.651 
60.654 
61.652 
62.640 

58.743 
59.752 
60.754 
61.751 
62.738 

55 
56 

57 
58 

59 

62.837 
63.820 
64.798 
65.768 
66.732 

62.936 
63.918 
64.895 
65.865 
66.828 

63.034 
64.016 
64.993 
65.961 
66.924 

63.132 
64.114 
65.090 
66.058 
67.020 

63.231 
64.212 
65.188 
66.154 
67.116 

63.329 
64310 
65.285 
66.251 
67.212 

63.427 
64.408 
65382 
66347 
67.308 

63.526 
64.505 
65.479 
66.444 
67.404 

63.624 
64.603 
65.575 
66.540 
67.499 

63.722 
64.701 
65.672 
66.636 
67.595 

60 
61 
62 
63 
64 

67.690 
68.641 
69.586 
70.523 
71.455 

67.785 
68.736 
69.580 
70.616 
71.548 

67.881 
68.831 
69.774 
70.710 
71.641 

67.976 
68.925 
69.868 
70.803 
71.733 

68.071 
69.020 
69.962 
70.897 
71.826 

68.166 
69.115 
70.056 
70.990 
71.918 

68.261 
69.209 
70.149 
71.083 
72.011 

68.356 
69.304 
70,243 
71.176 
72.103 

68.451 
69398 
70336 
71369 
72.196 

68.546 
69.492 
70.430 
71362 
72388 

65 
66 
67 
68 

69 

72.380 
73.299 
74.211 
75.117 
76.016 

72.472 
73.391 
74.302 
75.207 
76.106 

72.564 
73.482 
74.393 
75.297 
76.195 

72.656 
73.574 
74.484 
75.387 
76,285 

72.748 
73.665 
74.575 
75.477 
76.374 

72.840 
73.756 
74.665 
75.567 
76.464 

72.932 
73347 
74.756 
75.657 
76.553 

73.024 
73.938 
74.846 
75.747 
76.642 

73.116 
74.029 
74.937 
75.837 
76.731 

73.207 
74.120 
75.027 
75.926 
76320 

70 
71 
72 
73 
74 

76.909 
77.794 
78,672 
79.544 
80.410 

76.998 
77.882 
78.760 
79.631 
80.496 

77.087 
77.970 
78.847 
79.718 
80.582 

77.176 
78.058 
78.934 
79.805 

77.264 
78.146 
79.022 
79.892 
80.754 

77.353 
78,234 
79.109 
79.978 
80.840 

77.441 
78.322 
79.196 
80.065 
80.926 

77.529 
78.410 
79383 
80.151 
81.012 

77.618 
78.497 
79.370 
80.238 
81.096 

77.706 
78.584 
79.457 
80324 
81.183 

75 
76 
77 
78 
79 

81.269 
82.121 
82.967 
83.805 
84.636 

81355 
82.206 
83.051 
83.888 

84.719 

81.440 
82.291 
83.135 
83.972 
84.801 

81.526 
82.376 
83.219 
84.055 
84.884 

81.611 
82.461 
83.303 
84.138 
84.966 

81.696 
82.545 
83387 
84.221 
85U>49 

81.781 
82.630 
83.471 
84304 
85.131 

81366 
82.714 
83.555 
84387 
85313 

81.951 
82.799 
83,638 
84.470 
85.295 

82.036 
82.883 
83.722 
84353 

85377 

80 
81 
82 
83 
84 

85.459 
86.275 
87.063 
87.885 
88.678 

85.541 
86.356 

87.164 
87.965 
88.757 

85.623 
86.437 
87.244 
88.045 
88.836 

85.705 
86.518 
87.324 
88.124 
88.915 

85.787 
86.599 
87.405 
88.204 
88.994 

85368 
86.680 
87.485 
88.283 
89.072 

85.950 
86.761 
87365 

89.151 

86.031 
86.842 
87.645 
88.441 
89329 

86.113 
86.922 
87.725 
88.520 
89306 

86.194 
87.002 
87.805 
88.599 
89386 

85 

86 
87 

88 
89 

89.464 
90.240 
91.008 
91.766 
92.517 

89.542 
90.317 
91U»4 
91.841 
92.591 

89.620 
90.394 
91.161 
91.917 
92.666 

89.698 
90.471 
91.237 
91.992 
92.740 

89.776 
90.548 
91.313 
92.068 
92.814 

89354 
90.625 
91388 
92.143 
92.888 

89.932 
90.702 
91.464 
92.218 
92.962 

90.009 
90.779 
91340 
92.293 
93.035 

90.086 
90355 
91315 
92367 
93.106 

90.163 
90.932 
91.691 
92.442 
93.181 

90 
91 
92 
93 
94 

93.254 
93.982 
94.700 
95.407 

9$.m 

93J27 
94.054 
94.771 
95.477 
96.172 

93.400 
94.126 
94.842 
95.547 
96.241 

93.473 
94.198 
94.913 
95.617 
96.310 

93.546 
94.270 
94.984 
95.687 
96378 

93.619 
94342 
95.055 
95.757 
96.447 

93.692 
94.414 
95.126 
95326 
96.515 

93.764 
94.486 
95.i96 
953i« 

93.837 
94357 
95.267 
95.965 
96.652 

93.910 
94.629 
95337 
96.034 
96.720 

95 
96 
97 
98 
99 

96.787 
97.459 
98.117 
98.759 
99.386 

96.855 
97.526 
98.182 
98J22 

99.448 

96.922 
97.592 
96.247 
98.886 

99.510 

96^990 
97.658 
98.312 
98.949 
99.572 

97.057 
97.724 
98376 
99.012 
99.633 

97.125 
97.790 
96.440 
99.075 
99.695 

97.192 
97.856 
98.505 
99.137 
99.756 

97.259 
97.921 
96369 
99.200 
99.817 

97326 
97.987 
98.633 
99.262 
99.878 

97.392 
96.052 
98.696 
99.334 
99.939 

100 

100.000 
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TABLE  6. — Percentages  by  Weight,  Corresponding  to  Various  Percentages  by  Vol- 
ume at  60""  F  in  Mixtures  of  Ethyl  Alcohol  and  Water 


PwCeotAkoliol 
bf  Volume  at 

Per  Cent  Alcobol 
bjr  Weight 

Differences 

Per  Cent  Akohol 

hs  Volume  at 

60«F 

Per  Cent  Akohol 
by  Weight 

Dtflerencee 

0 

0.000 

50 

42.487 

1 

0.795 

0.795 

51 

43.428 

0.941 

2 

1.593 

.798 

52 

44.374 

.946 

3 

2.392 

.799 

53 

45.326 

.952 

4 

3.194 

.802 
.804 

54 

46.283 

.957 
.962 

5 

3.998 

55 

47.245 

6 

4.804 

.806 

56 

48.214 

.969 

7 

5.612 

.808 

57 

49.187 

.973 

8 

6.422 

.810 

58 

50.167 

.960 

9 

7.234 

.812 
.813 

59 

51.154 

.987 
.993 

10 

8.047 

60 

52.147 

U 

8.862 

.815 

61 

53.146 

.999 

12 

9.679 

.817 

62 

54.152 

1.006 

13 

10.497 

.818 

63 

55.165 

1U)13 

14 

11.317 

.820 
.821 

64 

56.184 

10)19 
1.024 

IS 

12.138 

65 

57.208 

16 

12.961 

.823 

66 

58.241 

1.033 

17 

13.786 

.825 

67 

59.279 

1U)38 

18 

14.612 

.826 

68 

60.325 

1.046 

19 

15.440 

.828 
.829 

69 

61J79 

1.054 
1.062 

20 

16.269 

70 

62.441 

21 

17.100 

.831 

71 

63.511 

1.070 

22 

17.933 

.833 

72 

64.588 

1.077 

23 

1&768 

.835 

73 

65.674 

1.086 

24 

19.604 

.836 
.839 

74 

66.768 

1.094 
1.102 

25 

20.443 

75 

67.870 

26 

21.285 

.842 

76 

68.982 

1.112 

.      27 

22.127 

.842 

77 

70.102 

1.120 

28 

22.973 

.846 

78 

71.234 

1.132 

29 

.847 
.850 

79 

72.375 

1.141 
1.151 

30 

24.670 

80 

73.526 

31 

25.524 

.854 

81 

74.686 

1.160 

32 

26.382 

.858 

82 

75.858 

1.172 

33 

27.242 

.860 

83 

77.039 

1.181 

34 

28.104 

.862 
.867 

84 

78.233 

1.194 

3S 

28.971 

85 

79.441 

36 

29.842 

.871 

86 

80.662 

1.221 

37 

30.717 

.875 

87 

81.897 

1.235 

38 

31.596 

.879 

88 

83.144 

1J47 

39 

32.478 

.882 
.886 

89 

84.408 

1.264 
1.281 

40 

33.364 

90 

85.689 

41 

34.254 

.690 

91 

86.989 

1.300 

42 

35.150 

.896 

92 

88.310 

1.321 

43 

36.050 

.900 

93 

89.652 

1342 

44 

36.955 

.905 
.910 

94 

91.025 

1.373 
1.398 

45 

37.865 

95 

92.423 

46 

38.778 

.913 

96 

93.851 

1.428 

47 

39.697 

.919 

97 

95.315 

1.464 

48 

40.622 

.925 

98 

96.820 

1.505 

49 

41.551 

.929 
.936 

99 

98.381 

1JS61 
1.619 

50 

42.487 

100 

100.000 
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TABLE  8.— Density  at  IS*"  C  of  Mixtures  (by  weight)  of  Methyl  Alcohol  and  Water 

[Calcalated  fxm  Che  tpedflc  gnvtty  determlnalSoni  of  DofwhevtUl  and  Roilideitveiiikll  at  IpO] 


PwCentMaChyl 
AlcolMl  bjrWei^ 

D^C 

0 

0.99913 

1 

.99727 

2 

.99543 

3 

.99370 

4 

.99198 

5 

.99029 

6 

.98864 

7 

.98701 

8 

.98547 

9 

.98394 

10 

.98241 

11 

.98093 

12 

.97945 

13 

.97802 

14 

.97660 

15 

.97518 

16 

.97377 

17 

.97237 

18 

.97096 

19 

.96055 

20 

.96814 

21 

.96673 

22 

.96533 

23 

.96392 

24 

.96251 

25 

.96106 

26  . 

.95963 

27 

.95817 

28 

.95668 

29 

.95518 

30 

.95366 

31 

.95213 

32 

.95056 

33 

.94896 

34 

.94734 

35 

.94570 

36 

.94404 

37 

.94237 

38 

.94067 

39 

.93894 

40 

.93720 

41 

.93543 

42 

.93365 

43 

.93185 

44 

.93001 

45 

.92815 

46 

.92627 

47 

.92436 

48 

.92242 

49 

.92048 

DUIamiCM 


PwCentMatiiyl 
Alcohol  bf  Weight 


.91852 


0.00186 
184 
173 
172 
169 

165 
163 
154 
153 
153 

148 
148 
143 
142 
142 

141 
140 
141 
141 
141 

141 
140 
141 
141 
143 

145 
146 
149 
150 
152 

153 
157 
160 
162 
164 

166 
167 
170 
173 
174 

177 
178 
180 
184 
186 

188 
191 
194 
194 
196 


50 
51 
52 
53 
54 

55 

56 
57 
58 

59 

60 
61 
62 
63 
64 

65 
66 
67 
68 

69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 


81 
82 
83 


85 

86 
87 
88 


90 
91 
92 
93 
94 

95 
96 

97 
98 
99 

100 


0.91852 
.91653 
.91451 
.91248 
.91044 


.90631 
.90421 
.90210 


J9781 
.89563 
.89341 
.89117 


.88662 
.88433 

.88203 
.87971 
.87739 

.87507 
.87271 
.87033 
.86792 
J6546 


.86051 
.85801 
.85551 


.85048 

.84794 
.84536 

.84274 
.84009 

.83742 
.83475 
.83207 
.82937 
.82667 

.82396 
.82124 
.81849 
.81568 

.81285 

.80999 

.80713 
.80428 
.80143 
.79859 

.79577 


0410199 
202 
203 
204 
205 

208 

210 
211 
214 
215 

218 
222 
224 
227 


229 
230 
232 
232 
232 

236 
238 
241 
246 
246 

249 
250 
250 
251 
252 

254 
258 

262 
265 

267 

iS 

270 
270 
271 

272 
275 
281 
283 


28S 

284 
282 


•  J.  Ross.,  Phys.  Ctaem.  Soc.,  41,  pp.  977-996;  X909» 
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TABLE  9.— Specific   Gravity   at 


IS*' 


23 
C   of    Mixtures    (by   Volume)    of  Methyl 


Alcohol  and  Water 

CCalculatod  from  the  Mune  <Uta  at  Table  8] 


PwCentMeihil 

Alcohol  by  Vol- 

nmo at  ISC 


Djj.C 


Differoiicoa 


Pof  Coot  BCoflhfl 

Alcohol  by  Vol- 

nmo  at  15  C 


Djj.C 


DUIemiooa 


0 
1 
2 
S 

4 

5 

6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 

24 

2S 
26 
27 
2t 
29 

30 

31 
32 
33 
34 

3S 
36 

37 
38 
39 

40 
41 
43 
43 

44 

45 
46 

47 
48 

49 


10)0000 

.99851 
.99703 
.99560 
.99422 

.99283 
.99146 
.99011 
.98877 
.98746 

.98621 
.98496 
.98370 
.98247 
.96125 

.98003 
.97884 
.97766 
.97648 
.97530 

.97413 
.97295 
.97177 
.97058 
.96939 

.96820 
.96700 
.96580 
.96459 
.96338 

.96216 
.96091 
.95966 
.95838 

.95708 

.95576 
.95443 
.95308 

.95170 


.94741 
.94593 
.94443 
.94291 

.94136 
.93979 
.93820 
^3657 
.93493 

.93326 


00)0149 
148 
143 
138 
139 

137 
135 
134 
131 
125 

125 
126 
123 
122 
122 

119 
118 
118 
118 
117 

118 
118 
119 
119 
119 

120 
120 
121 
121 
122 

125 
125 
12s 
130 
132 

133 

135 
138 
141 
143 

145 
148 
150 
152 
155 

157 
159 
163 
164 
167 


50 
51 
52 
S3 
54 

55 

56 
57 
58 

59 

60 
61 
62 
63 
64 

65 
66 
67 
68 

69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 

84 

85 
86 

87 


91 
92 
93 

94 

95 
96 
97 
98 
99 

100 


0.93326 
.93155 
.92982 
.92806 
.92626 

.92443 
.92256 
.92067 
.91877 
.91682 

.91483 
.91282 
.91079 
.90873 
.90663 

.90450 
.90234 
.90014 
.89790 
.89561 

.89327 


.88596 
.88346 

.88092 

.87836 
.87578 
.87312 
.87040 

.86760 
.86474 
.86180 
.85883 
.85582 

.85276 
.84967 
.84646 
.84314 
.83971 

.83623 


.82907 
.82538 
.82163 

.81772 
.81363 
.80942 
.80514 


0.00171 
173 
176 
180 
183 

187 
189 
190 
195 
199 

201 
203 
206 
210 
213 

216 
220 
224 
229 
234 

239 
244 
248 
250 
254 

256 
258 

266 

273 
280 


294 
297 
301 
306 

309 
321 
332 
343 
348 

354 
362 

369 

375 
391 

409 
421 
428 
431 
4» 


.79647 


17024''— 16- 
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TABLE  10. — Percentages  by  Volume  at  15*^  C,  Corresponding  to  Various  Percent- 
ages by  Weight  in  Mixtures  of  Mediyl  Alcohol  and  Water 


Per  Cent  by 
Weight 


Per  Cent  by  Vel- 
ume  at  IS*  C 


DIffereneea 


Per  Cent  by 

Per  Cent  by  Vel- 

Weight 

nme  at  15*  C 

SO 

57.712 

SI 

58.739 

52 

59.759 

53 

60.773 

54 

61.781 

55 

62.783 

56 

63.778 

57 

64.767 

58 

65.750 

59 

66.725 

60 

67.693 

61 

68.654 

62 

69.607 

63 

70.552 

64 

71.490 

65 

72.420 

66 

73.344 

67 

74.262 

68 

75.172 

69 

76U)77 

70 

njm 

71 

nj&M 

72 

78.746 

73 

79.618 

74 

80.480 

75 

81.336 

76 

82.182 

77 

SSUtt2 

78 

8S.8SS 

79 

84.680 

80 

85.499 

81 

86.310 

82 

87.110 

83 

87.899 

84 

88.677 

85 

89.448 

86 

90.212 

87 

90.968 

88 

91.716 

89 

92.456 

90 

93.188 

91 

93.912 

92 

94.627 

93 

95.326 

94 

96.017 

95 

96.697 

96 

97.370 

97 

98.036 

98 

98.696 

99 

99.351 

100 

lOOJXX) 

0 

1 

2 
3 

4 

5 

6 
7 
8 

9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 

26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 

37 
38 

39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 


0.000 
1.253 
2.502 
3.746 
4.986 

6.222 
7.454 
8.682 
9.907 
11.128 

12.345 
13.559 
14.770 
15.977 
17.181 

18.382 

19.579 
20.773 
21.963 
23.149 

24.332 
25.512 
26.688 
27.860 
29.029 

30.193 
31.354 
32.510 
33.662 
34.809 

35.952 
37.091 
38.224 
39.352 
40.476 

41.594 
42.706 
43.816 
44.919 
46.016 

47.109 
48.195 
49.277 
5a353 
51.422 

52.486 
53.544 
54.595 
55.639 
56.678 

57.712 


1.253 
1.249 
1.244 
1.240 
1.236 

1.232 
1.228 
1.225 
1.221 
1.217 

1.214 
1.211 
1.207 
1.204 
1.201 

1.197 
1.194 
1.190 
1.186 
1.183 

1.180 
1.176 
1.172 
1.169 
1.164 

1.161 
1.156 
1.152 
1.147 
1.143 

1.139 
1.133 
1.128 
1.124 
1.118 

1.114 
1.106 
1.103 
1.097 
1.093 

1.086 
1.082 
1.076 
1.069 
1.064 

1.058 
1.051 
1.044 
1.039 
1.034 


10)27 
1U)20 
14)14 
1.006 
1.002 

.995 
.989 
.983 
.975 
.968 

.961 
.953 
.945 
.938 
.930 

.924 
.918 
.910 
.90S 
.899 


.882 

.872 
.862 
.8S6 

.846 
.840 
.833 

.825 
.81S 

.811 
.800 
.789 
.778 
.771 

.764 
.756 
.748 
.740 
.732 

.724 
.715 

l691 
.680 

.673 
.666 
.660 
.655 
.649 
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TABLE  11. — Temperature  Corrections  to  Readings  of  Saccharometers  (Standard  at 

20"  C) 

fThta  table  Is  calcnltted  tssiiif  die  datt  on  therxiud  expansion  of  sugar  solutions  by  Plato  * ,  assumlnf  the  instrument  to  be  of 
Jena  16™  glass.  Tbe  table  should  be  used  with  caution  and  only  tor  approximate  results  when  the  temperature  differs 
much  from  the  standard  temperature  or  tnnn  the  temperature  of  the  surrounding  air] 


Observed  Per  Cent  of  Sugar 

Tempera- 

Seta 

Degrees 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

Centi- 

grade 

Subtract  from  Observed  Per  cent 

0 

OJO 

0.49 

0.65 

a77 

039 

0.99 

136 

1.16 

134 

131 

137 

1.41 

L44 

1.49 

5 

^ 

.47 

36 

.65 

.73 

30 

36 

.91 

.97 

1.01 

1.05 

1.08 

1.10 

1.14 

10 

M 

.38 

.43 

.48 

32 

37 

.60 

34 

37 

.70 

.72 

.74 

.75 

.77 

11 

31 

35 

.40 

.44 

.48 

31 

35 

38 

.60 

.63 

.65 

36 

.68 

.70 

12 

JS 

32 

36 

.40 

.43 

.46 

.50 

32 

34 

36 

38 

39 

30 

.62 

U 

M 

39 

32 

35 

38 

.41 

.44 

.46 

.48 

.49 

31 

32 

33 

35 

14 

J4 

36 

39 

31 

34 

36 

38 

.40 

.41 

.42 

.44 

.45 

^ 

.47 

IS 

JO 

32 

34 

.26 

38 

30 

32 

33 

34 

36 

36 

37 

38 

39 

16 

.17 

.18 

.20 

.22 

.23 

.25 

.26 

.27 

.28 

.28 

39 

30 

31 

32 

17 

.13 

.14 

.15 

.16 

.18 

.19 

30 

.20 

31 

31 

.22 

33 

.23 

34 

U 

M 

.10 

.10 

.11 

.12 

.13 

.13 

.14 

.14 

.14 

.15 

.15 

.15 

.16 

19 

M 

M 

M 

.06 

.06 

.06 

37 

.07 

.07 

.07 

.08 

36 

.08 

.08 

17^ 

.11 

.12 

.12 

.14 

.15 

.16 

.16 

.17 

.17 

.18 

.18 

.19 

.19 

30 

IS^ 

.18 

30 

32 

34 

36 

38 

.29 

30 

30 

32 

33 

33 

34 

34 

(•©•F) 

Add  to  Observed  Per  Cent 

21 

a04 

0.05 

036 

ao6 

0.06 

0.07 

0.07 

0.07 

037 

0.08 

0.08 

0.08 

0.08 

0.09 

22 

.10 

.10 

.11 

.12 

.12 

.13 

.14 

.14 

.15 

.15 

.16 

.16 

.16 

.16 

23 

.16 

.16 

.17 

.17 

.19 

.20 

31 

31 

32 

.23 

34 

.24 

34 

34 

24 

.21 

32 

33 

.24 

.26 

.27 

.28 

.29 

30 

31 

32 

32 

32 

32 

25 

.27 

38 

30 

31 

32 

34 

35 

36 

38 

38 

39 

39 

.40 

39 

26 

.33 

34 

36 

37 

.40 

.40 

.42 

.44 

.46 

.47 

.47 

.48 

.48 

.48 

27 

.40 

.41 

.42 

.44 

.46 

.48 

.50 

.52 

.54 

34 

.55 

.56 

.56 

36 

28 

.46 

.47 

.49 

31 

.54 

.56 

38 

.60 

31 

32 

33 

.64 

34 

.64 

29 

.54 

35 

36 

39 

31 

.63 

.66 

38 

.70 

.70 

.71 

.72 

.72 

.72 

30 

.61 

.62 

33 

.66 

.68 

.71 

.73 

.76 

.78 

.78 

.79 

30 

30 

31 

3S 

.99 

LOl 

132 

136 

1.10 

1.13 

1.16 

1.18 

1.20 

131 

1.22 

132 

133 

132 

40 

L42 

MS 

L47 

131 

134 

137 

1.60 

132 

134 

1.65 

1.65 

135 

136 

135 

45 

1.91 

1.94 

1.96 

230 

2.03 

2.05 

2.07 

239 

2.10 

2.10 

2.10 

2.10 

2.10 

236 

SO 

2.46 

2.48 

230 

2.53 

2.56 

2.57 

2.58 

239 

239 

2.58 

2.58 

2.57 

236 

232 

S5 

3.05 

3.07 

3.09 

3.12 

3.12 

3.12 

3.12 

3.11 

3.10 

336 

3.07 

3.05 

3.03 

2.97 

60 

3.69 

3.72 

3.73 

3.73 

3.72 

3.70 

3.67 

3.65 

332 

3.60 

337 

334 

3.50 

3.43 

27J 

0.43 

0.44 

0.46 

0.48 

030 

032 

034 

036 

038 

038 

039 

0.60 

0.60 

030 

*  Wiss.  Abh.  der  Kaiserlichen  NormaJ-Bichuncs-Kommisskm,  2,  p.  140:  1900. 
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TABLE  12.— Density*  of  Solutions  of  Cane  Stigar  at  20"^  C 

ITliit  tablt  li  the  batis  lor  itaiidaidlsinc  hydnmelttn  hirtteaHtu  par  orat  ol  Mftf  at  20*  CI 


TendM  of  Pw  Cent 

PwCent 

Softf 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 
3 

4 

0.996234 
1.002120 
1.006015 
1.009934 
1^)13881 

0.990622 
1.002509 
1.006405 
1.010327 
1.014277 

0.999010 
1.002897 
1.006796 
1.010721 
10)14673 

0.999398 
1.003286 
10)07188 
1.011115 
10)15070 

0.999786 
1.003675 
1.007580 
1.011510 
1.015467 

10)00174 
1.004064 
10)07972 
1.011904 
1.015864 

1.000563 
1.004453 
10)08363 
1.012298 
1.016261 

1.000952 
10)04844 
10)08755 
1.012694 
1.016659 

1.001342 
10)05234 
10)09148 
1.013089 
1.017058 

1.001731 
10)05624 
10)09541 
1.01348S 
10)17456 

5 
6 
T 
8 
9 

10)17854 
1.021855 
1.025885 
10)29942 
1.034029 

1.018253 
10)22257 
1.026289 
10)30349 
1.034439 

1.018652 
1.022659 
1.026694 
1.030757 
10)34850 

10)19052 
1.023061 
1.027099 
1.031165 
1.035260 

1.019451 
10)23463 
1.027504 
1.031573 
1.035671 

1.019651 
1.023867 
1.027910 
1.031982 
L036082 

1.020251 
10)24270 
1.028316 
10)32391 
1.036494 

1.020651 
1.024673 
10)28722 

1.036906 

1.021053 
1.025077 
1.029128 
1.033209 
1.037318 

10)21454 
1.025481 
1.029535 
1.033619 
10)37730 

10 
11 
12 
13 
14 

10)38143 
1.042288 
1UM6462 
1.050665 
L054900 

1.038556 
1.042704 
1.046881 
1.051087 
1.055325 

10)38970 
1.043121 
10M7300 
1.051510 
1.055751 

10)39383 
1.043537 
10)47720 
1.051933 
10)56176 

1.039797 
10)43954 
10)48140 
1.052356 
1.056602 

1.040212 
1.044370 
1.048559 
1.052778 
1.057029 

10)40626 
1.044788 
1.048980 
1.053202 
1.057455 

10)41041 
10)45206 
10)49401 
1.053626 
1.057882 

10)41456 
1.045625 
1.049822 
1.054050 
1.058310 

10)41872 
10)46043 
1.050243 
1.054475 
10)58737 

15 
16 
17 
18 
19 

1.059165 
L063460 
1.067789 
1.072147 
10)76537 

1.059593 
1.063892 
1.068223 
1.072585 
1.076978 

1.060022 
1.064324 
1.068658 
1.073023 
1.077419 

1.060451 
1.064756 
1.069093 
1.073461 
1.077860 

1.060880 
1.065188 
1.069529 
1.073900 
10)78302 

1.061308 
1.065621 
1.069964 
1.074338 
1.078744 

1.061738 
1.066054 
1.070400 
1.074777 
1.079187 

10)62168 
1.066487 
10)70836 
1.075217 
1.079629 

1.062598 
1.066921 
1.071273 
10)75657 
1.080072 

1.063029 
1.067355 
1.071710 
1.076097 
10)80515 

20 
21 
22 
23 
24 

10)80959 
1.085414 
1.089900 
1.094420 
1.098971 

1.081403 
1.085861 
1.090351 
1.094874 
10)99428 

1.081848 
1.086309 
1.090802 
1.095328 
1.099886 

1.082292 
10)86757 
1.091253 
1.095782 
1.100344 

10)82737 
10)87205 
1.091704 
1.096236 
1.100802 

10)83182 
1.087652 
1.092155 
1.096691 
1.101259 

1.068101 
1.092607 
1.097147 
1.101718 

10)84074 

l!093060 
1.097603 
1.102177 

1.084520 
10)89000 
1.093513 
1.098058 
1.102637 

1.084967 
1.009450 
1.093966 
10)98514 
1.103097 

2S 
26 
27 
28 
29 

1.103557 
1.108175 
1.112828 
1.117512 
1.122231 

1.104017 
1.108639 
1.113295 
1.117982 
1.122705 

1.104478 
1.109103 
1.113763 
1.118453 
1.123179 

1.104938 
1.109568 
1.114229 
1.118923 
1.123653 

1.105400 
1.110033 
1.114697 
1.119395 
1.124128 

1.105862 
1.110497 
1.115166 
1.119867 
1.124603 

1.106324 
1.110963 
1.115635 
1.120339 
1.125079 

1.106786 
1.111429 
1.116104 
1.120812 
1.125555 

1.107248 
1.111895 
1.116572 
1.121284 
1.126030 

1.107711 
1.112361 
1.117042 
1.121757 
1.126507 

30 
31 
32 
SS 
84 

1.126984 
1.131773 
1.136596 
1.141453 
1.146345 

1.127461 
1.132254 
1.137080 
1.141941 
1.146836 

1.127939 
1.132735 
1.137565 
1.142429 
1.147328 

1.128417 
1.133216 
1.138049 
1.142916 
1.147820 

1.128896 
1.133698 
1.138534 
1.143405 
1.148313 

1.129374 
1.134180 
1.139020 
1.143894 
1.148805 

1.129853 
1.134663 
1.139506 
1.144384 
1.149298 

1.130332 
1.135146 
1.139993 
1.144874 
1.149792 

1.130812 
1.135628 
1.140479 
1.145363 
1.150286 

1.131292 
1.136112 
1.140966 
1.145854 
1.150780 

SS 

36 
87 
88 

80 

1.151275 
1.156238 
1.161236 
1.166269 
1.171340 

1.151770 
1.156736 
1.161738 
1.166775 
1.171849 

1.152265 
1.157235 
1.162240 
1.167281 
1.172359 

1.152760 
1.157733 
1.162742 
1.167786 
1.172869 

1.153256 
1.158233 
1.163245 
1.168293 
1.173379 

1.153752 
1.158733 
1.163748 
1.168800 
1.173889 

1.154249 
1.159233 
1.164252 
1.169307 
1.174400 

1.154746 
1.159733 
1.164756 
1.169815 
1.174911 

1.155242 
1.160233 
1.165259 
1.170322 
1.175423 

1.155740 
1.160734 
1.165764 
1.170831 
1.175935 

40 
41 
42 
43 

44 

1.176447 
1.181592 
1.186773 
1.191993 
1.197247 

1.176960 
1.182108 
1.187293 
1.192517 
1.197775 

1.177473 
1.182625 
1.187814 
1.193041 
1.198303 

1.177987 
1.183142 
1.188335 
1.193565 
L19e832 

1.178501 
1.183660 
1.188856 
1.194090 
1.199360 

1.179014 
1.184178 
1.189379 
1.194616 
1.199890 

1.179527 
1.184696 
1.189901 
1.195141 
1.200420 

1.180044 
1.185215 
1.190423 
1.195667 
1.200950 

1.180560 
1.185734 
1.190946 
1.196193 
1.201480 

1.181076 
1.1862S3 
1.1914«9 
1.196720 
1.202010 

45 

46 
47 
48 
49 

1.202540 

1.213238 
L218643 
L224086 

1.203071 
1.208405 
1.213777 
1.219185 
1.224632 

1.203603 
1.208940 
1.214317 
1.219729 
1.225180 

1.204136 
1.209477 
1.214856 
1.220272 
1.225727 

1.204668 
1.210013 
1.215395 
1.220815 
1.226274 

1.205200 
1.210549 
1.215936 
1.221360 
1.226823 

1.205733 
1.211006 
1.216476 
1.221904 
1.227371 

1.206266 
1J11623 
1.217017 
1.222449 
1.227919 

1.206801 
1.212162 
1J17559 
1.222995 
1.228469 

1.20733S 
1.212700 
1.218101 
1.223540 
1.2290U 

SO 

1.229567 

1.230117 

1.230668 

1.231219 

1J31770 

1.232874 

1.233426 

1.233979 

1.234582 

»  According  to  Dr.  F.  Plato  (Wi»$.  Abh.  der  Kftiaerlichen  Nonnal-Eichungs-Konimbdon.  2,  p.  153:  1900). 
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TABLE  12,— Density  of  Solutions  of  Cane  Sugar  at  20°  C— Continued 


TendM  ol  Pw  Cent 

P«C«Bl 

' 

Soiir 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

SO 
SI 
S2 
S3 
S4 

1.229567 
1.235085 
1.240641 
1J46234 
1.251866 

1.230117 
1.235639 
1.241198 
1.246795 
1.252431 

1330668 

1336194 
1341757 
1.247358 
1352997 

1331219 
1336748 
1.242315 
1347920 
1353563 

1331770 
1337303 
1342873 
1348482 
1354129 

1332322 
1337859 
1343433 
1.249046 
1354697 

1332874 
1.238414 
1343992 
1.249609 
1355264 

1333426 
1338970 
1344552 
1.250172 
1355831 

1333979 
1.239527 
1345113 
1.250737 
1356400 

1334532 
1340084 
1345673 
1.251301 
1356967 

SS 

56 

57 
58 

S9 

1.257535 
1.263243 
1.268989 
1J874774 
1.280595 

1.258104 
1.263816 
1.269565 
1.275354 
1.281179 

1.258674 
1.264390 
1.270143 
1.275936 
1.281764 

1.259244 
1364963 
1370720 
1.276517 
1382349 

1359615 
1365537 
1371299 
1377096 
1382935 

1360385 
1366112 
1.271877 
1377680 
1383521 

1360955 

1.'272455 
1.278262 
1384107 

1361527 
1367261 
1373035 
1378844 
1384694 

1362099 
1367837 
1.273614 
1379428 
1.285281 

1362671 
1.268413 
1374194 
1380011 
1385869 

60 
61 
62 
63 

64 

1.286456 
1.292354 
1.296291 
1.304267 
1.310282 

1.287044 
1J92946 
1.296886 
1304867 
1310685 

1.287633 
1393539 
1399483 
1305467 
1311489 

1388222 
1.294131 
1300079 
1306068 

1312093 

1.288811 
1394725 
1300677 
1306669 
1312699 

1.289401 
1395318 
1301274 

1313304 

1389991 
1395911 
1301871 
1307872 
1313909 

1390581 
1.296506 
1302470 
1308475 
1314515 

1391172 
1397100 
1303068 
1309077 
1315121 

1391763 
1.297696 
1303668 

1309680 
1315728 

65 
66 
67 
68 
60 

1.316334 
1.32242S 
1.328554 
1.334722 
L340928 

1.316941 
1323036 
1329170 
1335342 
1341551 

1317549 
1323648 
1329785 
1335961 
L342174 

1.318157 
1324259 
1330401 
1.336581 
1342798 

1318766 
1324872 
1331017 
1337200 
1343421 

1319374 
1325484 
1331633 
1337821 
1344046 

1319983 
1326097 
1332250 
1338441 
1344671 

1320593 
1326711 
1332868 
1339063 
1345296 

1321203 
1327325 
1333485 
1339684 
1345922 

1321814 
1327940 
1334103 
1.340306 
1346547 

70 
71 
73 
73 
74 

1.347174 
1.353456 
1.359778 
1.366139 
1372536 

1347801 
1.354087 
1360413 
1366777 
1373178 

1348427 
1.354717 
1361047 
1367415 
1373820 

1349055 
1.355349 
1.361682 
1.368054 
1.374463 

1349682 
1.355980 
1.362317 
1.368693 
1375105 

1350311 
1356612 
1362953 
1369333 
1375749 

1350939 
1357245 
1.363590 
1.369973 
1376392 

1351568 
1357877 
1364226 
1370613 
1377036 

1352197 
1358511 
1364864 
1371254 
1377680 

1.359144 
1365501 
1371894 
1378326 

7S 
76 

n 

78 
79 

1J78971 
1.385446 
1391956 
1396505 
1.405091 

1379617 
1386096 
1392610 
1399162 
L405752 

1380262 
1386745 
1393263 
1.399819 
1.406412 

1380909 
1387396 
1393917 
1.400477 
1.407074 

1381555 
1388045 
1394571 
1.401134 
1.407735 

1382203 
1388696 
1.395226 
1.401793 
1.408396 

1382851 
1389347 
1395881 
1.402452 
L4O9061 

1383499 
1389999 

1396536 
1.403111 
L409723 

1384148 
1390651 
1397192 
1.403771 
L410387 

1.384796 
1391303 
1397848 
1.404430 
1.411051 

80 
81 
82 

n 

84 

1.411715 
1.418374 
1.425072 
1.431807 
1.438579 

1.412380 
1.419043 
1.425744 
1.432483 
L4392S9 

1.413044 
1.419711 
1.426416 
1.433158 
1.439938 

1.413709 
1.420380 
1.427069 
1.433835 
1.440619 

1.414374 
1.421049 
1.427761 
L434511 
L441299 

1.415040 
1.421719 
1.428435 
1.435188 
1.441980 

1.415706 
1.422390 
1.429109 
1.435866 
1.442661 

1.416373 
1.423059 
1.429782 
1.436543 
1.443342 

1.417039 
1.423730 
1.430457 
1.437222 
1.444024 

1.417707 
1.424400 
1.431131 
1.437900 
1.444705 

85 

86 
87 
88 
89 

1.445388 
1.452232 
1.459114 
1.466032 
1.472966 

L446071 
L452919 
1.459605 
1.466726 
1.473684 

L446754 
1.453605 
1.460495 
1.467420 
1.474381 

1.447438 
1.454292 
1.461186 
1.468115 
L4750e0 

1.448121 
1.454900 
1.461877 
L468810 
L475779 

1.448806 
1.455668 
L462568 
1.469504 
L476477 

1.449491 
1.456357 
1.463260 
1.470200 
1.477176 

1.450175 
1.457045 
1.463953 
1.470896 
L477876 

1.450860 
1.457735 
1.464645 
1.471592 
1.478575 

1.451545 
L458424 
1.465336 
1.472289 
1.47927S 

90 
91 
92 
93 
94 

1.479976 
1.487002 
1.494063 
1301158 
1306289 

1.480677 
1.487707 
1.494771 
1301870 
1309004  , 

1.481378 
1.488411 
1.495479 
1302582 
1309720 

1.482080 
1.489117 
1.496188 
1303293 
1310435 

L482782 
1.489823 
1.496897 
1.504006 
1311151 

1.483484 
1.490528 
1.497606 
1304719 
1311868 

1.484187 
1.491234 
1.498316 
1.505432 
1312585 

1.484890 
1.491941 
1.499026 
1306146 
1313302 

1.485593 
1.492647 
1.499736 
1306859 
1314019 

1.486297 
1.493355 
1300447 
1307574 
1314737 

95 
96 
97 
98 
99 

1315455 
1322656 
1329091 
1337161 
1344462 

1316174 
1.523378 
1.530616 
1337889 
1.545194 

1316893 
1324100 
1331342 
1338618 
1.545926 

1317612 
1324823 
1332068 
1339347 
L546659 

1318332 
1325546 
1332794 
1340076 
1347392 

1.519051 
1326269 
1333521 
1340806 
1348127 

1319771 
1.526993 
1334248 
1.541536 
1348861 

1320492 
1327717 
1334976 
1342267 
1349595 

1321212 
1.528441 
1.535704 
1342998 
1350329 

1321934 
1329166 
1336432 
1343730 
1351064 

100 

1351800 
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TABLE  13.— Density  of  Solutions  of  Sulphuric  Add  (H^J  at  20^  C 


iCakvlatod  Crsoi  Dr.  J.  Domlce'i  tibte.*   Adipfiia  m  ttc  hmOm  toe 


^T^^^^fa^m  per  i 


lflt20*C] 


20 

20 

1 

20 

Per  Cent  H»SO« 

D^C 

Per  Cent  H»S04 

1 

D^ 

PerCeatHsSO« 

Dfc 

0 

0.99823 

SO 

139505 

91.0 

131950 

1 

1.00506 

I                51 

L40487 

91.2 

132045 

2 

1.01178 

52 

1.41481 

9L4 

132137 

3 

1.01839 

S3 

1.42487 

913 

132227 

4 

1U>2500 

1                 ^ 

L43S03 

913 

132315 

5 

1.03168 

55 

1.44530 

923 

132401 

6 

L03843 

1                 56 

1.45568 

92J 

132484 

7 

1.04527 

'                 57 

1.46615 

92.4 

132564 

8 

1.05216 

58 

1.47673 

923 

132641 

9 

1.05909 

59 

1.48740 

923 

132717 

10 

1.06609 

60 

1.49818 

933 

132790 

11 

1U)7314 

61 

1.50904 

933 

132860 

12 

1.08026 

62 

131999 

93.4 

132928 

13 

1.08744 

63 

133102 

933 

132993 

14 

1.09468 

64 

134213 

933 

13305S 

15 

1.10199 

65 

135333 

943 

133115 

16 

1.10936 

66 

136460 

943 

133172 

17 

1.11679 

67 

137595 

94.4 

133226 

18 

1.12428 

68 

1.58739 

943 

133276 

19 

1.13183 

69 

1.59890 

943 

133324 

20 

1.13943 

70 

1.61048 

95.0 

133368 

21 

1.14709 

71 

1.62213 

95.1 

133389 

22 

1.15480 

72 

133384 

953 

133410 

23 

1.16258 

73 

1.64560 

953 

133430 

24 

1.17041 

74 

135738 

95.4 

133449 

25 

1.17830 

75 

136917 

953 

133469 

26 

1.18624 

76 

1.68095 

95.6 

133486 

27 

1.19423 

77 

139268 

95.7 

133503 

28 

1.20227 

78 

1.70433 

953 

133S20 

29 

1.21036 

79 

1.71585 

95.9 

133S34 

30 

1.21850 

80 

1.72717 

963 

133S48 

31 

1.22669 

81 

1.73827 

96.1 

133560 

32 

1.23492 

82 

1.74904 

963 

133572 

33 

1.24320 

83 

1.75943 

963 

133584 

34 

1.25154 

84 

1.76932 

96.4 

133594 

3S 

IJ5992 

85 

1.77860 

963 

133604 

36 

1.26836 

85.5 

1.78300 

963 

133613 

37 

1.27685 

86 

1.78721 

96.7 

133621 

38 

1.28543 

86.5 

1.79124 

963 

133628 

39 

1.29407 

87 

1.79509 

96.9 

133634 

40 

1.30278 

1                 87.5 

1.79875 

973 

133637 

41 

1.31157 

88 

1.80223 

97.1 

133639 

42 

1.32043 

88.5 

130552 

973 

133640 

43 

1.32938 

89 

1.80664 

973 

133640 

44 

133843 

89.5 

1.81159 

,                97.4 

133639 

45 

1.34759 

90 

131438 

973 

133637 

46 

1.35686 

90.2 

1.81545 

973 

133634 

47 

1.36625 

90.4 

131650 

97.7 

133629 

48 

1.37574 

90.6 

1.81753 

973 

133623 

49 

1.38533 

90.8 

131853 

97.9 

1.83615 

50 

1.39505 

91.0 

131950 

983 

133605 

*  Wiss.  Abh.  der  KaiserUchea  NormaUBichtiiiss-Konimlsston.  6«  p.  tji;  1900. 
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TABLE  14. — Temperature  Corrections  to  Per  Cent  of  Sulphuric  Acid  Determined  by 

Hydrometer  (Standard  at  20*"  C) 


(Caknlated  from  the  mna  data  at  the  pnceding  table,  aaaumfaif  Jena  16™  glaaa  at  the  material  need.  The  table  ahould 
be  need  with  cautlni,  and  only  tor  approximate  reitilta  when  the  temperature  dlllora  much  from  the  atandard  tempera- 
ture or  from  the  tempenture  of  the  aunoundlng  air] 


Temperature  in  Degreea  Centigiade 

Obaerred 

Percent 

0 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

HiSO* 

Subtract  from  Observed  Per  Cent 

Add  to  Obaerved  Per  Cent 

0 

0.16 

035 

0.59 

0.86 

1.17 

1.5 

1.9 

2.1 

5 

0^ 

0.49 

0.36 

0.20 

0.24 

0.50 

0.79 

1.11 

1.45 

1.8 

2.2 

2.6 

10 

0.92 

0.72 

0.51 

0.27 

0.29 

0.60 

0.93 

1^ 

1.65 

2.0 

2.4 

2.8 

20 

1^ 

1.06 

0.72 

0.36 

0.37 

0.75 

1.14 

1.53 

1.93 

2J 

2.7 

3.1 

30 

1.64 

1.23 

0.82 

0.41 

a41 

0.82 

1.24 

1.65 

2.07 

2.5 

2.9 

33 

40 

1.65 

1.24 

0.82 

0.41 

0.41 

0.82 

1.22 

1.62 

2.03 

2.4 

2.8 

33 

50 

1.56 

1.17 

0.78 

0.39 

0.38 

0.77 

1.15 

1.52 

1.90 

2.3 

2.6 

3.0 

60 

152 

1.14 

0.76 

0.38 

0.37 

0.74 

1.11 

1.48 

1.84 

2.2 

2.6 

2.9 

70 

1.54 

1.15 

0.76 

0.38 

0.38 

0.75 

1.13 

1.50 

1.86 

2.2 

2.6 

3.0 

80 

1.72 

1.30 

0.87 

0.44 

0.45 

0.90 

1.36 

1.83 

2.31 

2.8 

3.3 

33 

81 

L76 

1.34 

0.92 

0.44 

0.47 

0.93 

1.42 

1.93 

2.44 

3.0 

3.5 

4.0 

82 

l.d4 

1.41 

0.96 

0.47 

0.50 

1.00 

1.51 

2.04 

2.58 

3.1 

3.7 

43 

83 

L94 

L48 

1.00 

0.50 

0.53 

1.06 

1.59 

2.18 

2.78 

3.4 

4.0 

4.6 

84 

2.05 

1.57 

1.06 

0.53 

0.55 

1.12 

1.74 

2.36 

3.0 

3.7 

4.4 

5.1 

85 

2.20 

1.67 

1.13 

0.57 

0.61 

1.23 

1.88 

2.57 

3.3 

4.0 

4.9 

53 

86 

2.36 

1.80 

1.22 

0.62 

0.66 

1.35 

2.08 

2.84 

3.7 

4.6 

5.5 

87 

2.54 

1.95 

1.32 

0.67 

0.73 

1.50 

2.31 

3.2 

4.1 

5.2 

88 

2.75 

2.12 

1.44 

a74 

0.81 

L67 

2.59 

3.6 

4.7 

6.0 

89 

3.01 

2.31 

1.58 

0.82 

0.89 

1.86 

2.91 

4.1 

5.6 

90 

3.27 

2.53 

1.73 

a9i 

0.99 

2.10 

3.4 

4.9 

91 

3,57 

2.78 

1.93 

1.01 

1.13 

2.44 

4.1 

92 

3.91 

3.06 

2.13 

1.12 

1.32 

ZM 

93 

4.29 

3.38 

2.37 

1.26 

1.64 

94 

4.75 

3.77 

2.69 

1.46 

95 

5.29 

4.26 

3.12 

1.76 

96 

5.96 

4.88 

3.65 

2.19 

97 

6.78 

5.68 

4.42 

2.90 
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TABLE  15. — ^Temperatiire  Corrections  to  Readings  of  Specific  Gravity  Hydrometen 
in  American  Petroleiim  Oils  at  Various  Temperatures 

[SteDdud  at  60*/60*  F] 


OtMsrvtd  QpMlflc  Gravity 

Obitmd 

T<oip!mtuf> 

a650 

aTOO 

a  750 

aooo 

a850 

a900 

a950 

SoMnct  fiwD  ObMTvod  QpMlflc  Onvlty 

80 

a  016 

a  015 

a  014 

a  012 

a  Oil 

a  Oil 

a  Oil 

32 

.015 

.014 

.013 

.012 

.011 

.010 

.010 

34 

.014 

.013 

.012 

.011 

.010 

.010 

.010 

36 

.013 

.012 

.011 

.010 

.009 

.009 

.009 

38 

.012 

.011 

.010 

.009 

.008 

.008 

.008 

40 

.0105 

.0095 

.0090 

.0080 

.0075 

.0070 

.0078 

42 

.0095 

.0085 

.0080 

.0070 

.0065 

.0065 

.0065 

44 

.0085 

.0075 

.0070 

.0065 

.0060 

.0060 

.0055 

46 

.0075 

.0065 

.0060 

.0055 

.0050 

.0050 

.0050 

48 

.0065 

.0060 

.0055 

.0050 

.0045 

.0045 

.0040 

SO 

.0050 

.0050 

.0045 

.0040 

.0035 

.0035 

.0035 

52 

.0040 

.0040 

.0035 

.0030 

.0030 

.0030 

.0030 

54 

.0030 

.0030 

.0025 

.0025 

.0020 

.0020 

.0020 

56 

.0020 

.0020 

.0020 

.0015 

.0015 

.0015 

.0015 

58 

.0010 

.0010 

.0010 

.0005 

.0005 

.0005 

.0005 

Auu  to  OlMSfWa  SptWluC  OidtVUj 

60 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

62 

.0010 

.0010 

.0010 

.0005 

.0005 

.0005 

64 

.0020 

.0020 

.0015 

.0015 

.0015 

.0015 

66 

.0030 

.0030 

.0025 

.0025 

.0020 

.0020 

68 

.0040 

.0040 

.0035 

.0030 

.0030 

.0030 

70 

.0050 

.0050 

.0045 

.0040 

.0040 

.0035 

72 

.0060 

.0055 

.0050 

.0045 

.0045 

.0040 

74 

.0070 

.0065 

.0060 

.0055 

.0050 

.0050 

76 

.0080 

.0075 

.0070 

.0065 

.0060 

.0055 

78 

.0090 

.0085 

.0080 

.0070 

.0065 

.0065 

80 

.010 

.009 

.008 

.008 

.007 

.007 

82 

.011 

.010 

.009 

.008 

.008 

.007 

84 

.012 

.011 

.010 

.009 

.009 

.008 

86 

.013 

.012 

.011 

.010 

.009 

.009 

88 

.014 

.013 

.012 

.011 

.010 

.010 

90 

.015 

.014 

.013 

.012 

.011 

.010 

92 

.016 

.015 

.013 

.012 

.011 

.011 

94 

.017 

.016 

.014 

.013 

.012 

.012 

96 

.018 

.016 

.015 

.014 

.013 

.013 

98 

.019 

.017 

.016 

.015 

.014 

.013 

100 

.020 

.018 

.017 

.015 

.014 

.014 

102 

.021 

.019 

.018 

.016 

.015 

.015 

104 

.022 

.020 

.018 

.017 

.016 

.015 

106 

.023 

.021 

.019 

.017 

.016 

.016 

106 

.024 

.022 

.020 

.018 

.017 

.017 

110 

.025 

.023 

.021 

.019 

.018 

.017 

112 

.026 

.024 

.022 

.020 

.019 

.018 

114 

.027 

.025 

.022 

.020 

.019 

.019 

116 

.028 

.026 

.023 

.021 

.020 

.019 

118 

.029 

.026 

.024- 

.022 

.021 

.020 

120 

.030 

.027 

.025 

.023 

.022 

.021 

(This  table  Is  calcaUitad  from  Om  Mine  data  aa  Table  I,  CIrcolar  Now  57,  Boraaa  ol  Standaida.) 
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TABLE  16. — Temperature    Corrections   to   Readings  of   Baum6    Hydrometers  in 
American  Petroleimi  Oils  at  Various  Temperatures 

(Standard  at  60*  F;  Moduhia  140) 


Obaarv6d  DcfroM  Batiin6 

Otmntd 

T-ty- 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

Add  to  ObaervwS  DegreM  BaiuD6 

SO 

1.7 

2.0 

2.4 

3.0 

3.7 

4.3 

5.0 

5.7 

S2 

1.6 

1.9 

2.3 

2.8 

3.4 

4.0 

4.7 

5.3 

M 

1.5 

1.8 

2.1 

2.6 

3.1 

3.7 

4.3 

4.9 

S6 

1.4 

1.6 

2.0 

2.4 

2.9 

3.4 

4.0 

4.6 

88 

1.3 

1.5 

1.8 

2.2 

2.6 

3.1 

3.6 

4.2 

40 

1.2 

1.4 

1.6 

2.0 

2.4 

2.8 

3.2 

3.8 

42 

LI 

1.2 

1.5 

2.2 

2.5 

2.9 

3.4 

44 

.9 

1.1 

1.3 

2.0 

2.2 

2.6 

8.0 

46 

.8 

1.1 

1.7 

1.9 

2.3 

2.7 

4t 

.7 

.9 

1.4 

1.6 

2.0 
•..6 

2.3 

SO 

.6 

.8 

1.2 

1.4 

1.9 

S2 

.5 

.7 

1.0 

1.1 

1.3 

1.5 

54 

.3 

.5 

.8 

.9 

1.0 

1.1 

S6 

.2 

.3 

.5 

.6 

.6 

.7 

St 

.1 

.1 

.3 

.3 

.3 

.4 

Subtract  Irom  ObaervwS  Degreea  Baiim6 

60 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

62 

.1 

.1 

.2 

.2 

.3 

.3 

.4 

64 

.3 

.3 

.4 

.4 

.7 

66 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

6S 

.6 

.6 

.7 

.9 

1.1 

1.3 

1.4 

90 

.7 

.8 

.9 

1.1 

1.4 

1.6 

1.7 

72 

.8 

.9 

1.1 

1.3 

1.6 

1.9 

2.1 

74 

.  .9 

1.1 

1.3 

1.6 

1.8 

2.2 

2.5 

76 

1.1 

1.3 

1.5 

1.8 

2.1 

2.5 

2.8 

7B 

1.2 

1.4 

1.7 

2.0 

2.4 

2.8 

3.1 

80 

1.3 

1.5 

1.8 

2.2 

2.6 

3.1 

3.5 

82 

1.4 

1.7 

2.0 

2.5 

2.9 

3.4 

3.9 

84 

1.5 

1.8 

2.2 

2.7 

3.2 

3.7 

4.3 

86 

1.7 

2.0 

2.4 

2.9 

3.4 

4.0 

4.6 

88 

1.8 

2.1 

2.6 

3.1 

3.7 

4.2 

4.9 

90 

2.0 

2.3 

2.7 

3.3 

3.9 

\i 

5.2 

92 

2.1 

2.4 

2.9 

3.5 

4.2 

5.6 

94 

2.2 

2.6 

3.1 

3.8 

4.4 

5.1 

5.9 

96 

2.3 

2.7 

3.3 

4.0 

4.6 

5.4 

6.3 

98 

2.4 

2.9 

3.4 

4.2 

4.9 

5.7 

6.6 

100 

2.6 

3.0 

3.6 

4.4 

5.1 

6.0 

6.9 

102 

2.7 

3.2 

3.8 

4.6 

5,4 

6.3 

7.2 

104 

2.4 

2.9 

3.3 

4.0 

4.8 

5.7 

6.6 

7.5 

106 

3.0 

3.5 

4.2 

5.0 

5.9 

6.9 

7.9 

108 

3.1 

3.6 

4.3 

5.2 

6.2 

7.2 

8.2 

110 

3.2 

3.7 

4.4 

5.4 

6.4 

7.5 

8.5 

112 

3.3 

3.9 

4.6 

5.6 

6.7 

7.7 

8.8 

114 

3.4 

4.0 

4.7 

5.8 

6.9 

7.9 

9.1 

116 

Z.1 

3.6 

4.1 

4.9 

6.0 

7.1 

8.2 

9.4 

118 

3.2 

3.7 

4.3 

5.1 

6.2 

7.3 

8.5 

9.8 

120 

3.3 

3.8 

4.4 

5.3 

6.4 

7.5 

8.8 

10.1 

(ThJa  table  la  calculated  from  tha  aama  data  aa  Tabia  n.  Circular  No.  57,  Bureau  ol  Standarda.) 
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TABLE  17. — Degrees  Baum^,  Pounds  per  Gallon,  and  Gallons  per  Pound  Correspond- 
ing to  Various  Specific  Gravities 


Spedflc 
Onvttr 
60-/WF 

Degrees 

B«imi6 

(ModtiliM  140) 

Pounds  per 
Oallm 

OeUonsper 
Pound 

aeoo 

103.33 

4.993 

a2003 

.610 

99.51 

5.076 

.1970 

.620 

95.81 

5.160 

.1938 

.630 

92.22 

5.243 

.1907 

.640 

88.75 

5.326 

.1877 

.650 

85.38 

5.410 

.1848 

.660 

82.12 

5,493 

.1820 

.670 

7a  96 

5.577 

.1793 

.680 

75.88 

5.660 

.1767 

.690 

72.90 

5.743 

.1741 

.700 

7a  00 

5.827 

.1716 

.710 

67.18 

5.910 

.1692 

.720 

64.44 

5.994 

.1668 

.730 

61.78 

6.077 

.1646 

.740 

59.19 

6.160 

.1623 

%            .750 
^             .760 

56.67 

6.244 

.1602 

54.21 

6.327 

.1580 

.770 

51.82 

6.410 

.1560 

.780 

49.49 

6.494 

.1540 

790 

47.22 

6.577 

.1520 

800 

45.00 

6.661 

.1501 

.810 

42.84 

6.744 

.1483 

.820 

4a  73 

6.827 

.1465 

.830 

38.68 

6.911 

.1447 

.840 

36w67 

6.994 

.1430 

.850 

34.71 

7.078 

.1413 

.860 

32.79 

7.161 

.1396 

.870 

3a  92 

7.244 

.1380 

.880 

29.09 

7.328 

.1365 

.890 

27.30 

7.411 

.1349 

.900 

25.56 

7.494 

.1334 

.910 

23.85 

7.578 

.1320 

.920 

22.17 

7.661 

.1305 

.930 

2a  54 

7.745 

.1291 

.940 

18.94 

7.828 

.1278 

.950 

17.37 

7.911 

.1264 

.960 

15.83 

7.995 

.1251 

.970 

14.33 

8.078 

.1238 

980 

12.86 

8.162 

.1225 

.990 

1L41 

&24S 

.1213 

LOOO 

laoo 

&328 

.1201 

(See  Circular  No.  57  for  more  complete  tablee.) 
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TABLE  18. — Specific  Gravities,  Pounds  per  Gallon,  and  Gallons  per  Pound  Corre- 
sponding to  Various  Degrees  Baum^ 


Decrees 

Banm6 

(Modulna 

140) 

^Mdflc 
Gravity 

60*/60"F 

Ponsdiper 
GeUoo 

GaDonsper 

Degrees 

Bauiii6 

(Modohas 

140) 

Specific 
Gravity 
60760*F 

Pounds  per 
Gallon 

Gallons  per 
Pound 

10.0 

1.0000 

8.328 

0. 1201 

55.0 

0.7568 

6.300 

0.1587 

11.0 

.9929 

8.269 

.1209 

56.0 

.7527 

6.266 

.1596 

12.0 

.9859 

8.211 

.1218 

57.0 

.7487 

6.233 

.1604 

13.0 

.9790 

8.153 

.1227 

58.0 

.7447 

6.199 

.1613 

14.0 

.9722 

8.096 

.1235 

59.0 

.7407 

6.166 

.1622 

15.0 

.9655 

8.041 

.1244 

60.0 

.7368 

6.134 

.1630 

16.0 

.9589 

7.986 

.1252 

61.0 

.7330 

6.102 

.1639 

17.0 

.9524 

7.931 

.1261 

62.0 

.7292 

6.070 

.1647 

18.0 

.9459 

7.877 

.1270 

63.0 

.7254 

6.038 

.1656 

19.0 

.9396 

7.825 

.1278 

64.0 

.7216 

6.007 

.1665 

20.0 

.9333 

7.772 

.1287 

65.0 

.7179 

5.976 

.1673 

21.0 

.9272 

7.721 

.1295 

66.0 

.7143 

5.946  ' 

.1682 

22.0 

.9211 

7.670 

.1304 

67.0 

.7107 

5.916 

.1690 

23.0 

.9150 

7.620 

.1313 

68.0 

.7071 

5.886 

.1699 

24.0 

.9091 

7.570 

.1321 

69.0 

.7035 

5.856 

.1708 

25.0 

.9032 

7.522 

.1330 

70.0 

.7000 

5.827 

.1716 

26.0 

.8974 

7.473 

.1338 

71.0 

.6965 

5.798 

.1725 

27.0 

.8917 

7.425 

.1347 

72.0 

.6931 

5.769 

.1733 

28.0 

.8861 

7.378 

.1355 

73.0 

.6897 

5.741 

.1742 

29.0 

.8805 

7.332 

.1364 

74.0 

.6863 

5.712 

.1751 

30.0 

.8750 

7.286 

.1373 

75.0 

.6829 

5.685 

.1759 

31.0 

.8696 

7.241 

.1381 

76.0 

.6796 

5.657 

.1768 

32.0 

.8642 

7.196 

.1390 

77.0 

.6763 

5.629 

.1776 

33.0 

.8589 

7.152 

.1398 

78.0 

.6731 

5.602 

.1785 

34.0 

.8537 

7.108 

.1407 

79.0 

.6699 

5.576 

.1793 

35.0 

.8485 

7.065 

.1415 

80.0 

.6667 

5.549 

.1802 

36.0 

.8434 

7.022 

.1424 

81.0 

.6635 

5.522 

.1811 

37.0 

.8383 

6.980 

.1433 

82.0 

.6604 

5.497 

.1819 

38.0 

.8333 

6.939 

.1441 

83.0 

.6573 

5.471 

.1828 

39.0 

.8284 

6.898 

.1450 

84.0 

.6542 

5.445 

.1837 

40.0 

.8235 

6.857 

.1459 

85.0 

.6512 

5.420 

.1845 

41.0 

.8187 

6.817 

.1467 

86.0 

.6482 

5.395 

.1854 

42.0 

.8140 

6.777 

.1476 

87.0 

.6452 

5.370 

.1862 

43.0 

.8092 

6.738 

.1484 

88.0 

.6422 

5.345 

.1871 

44.0 

.8046 

6.699 

.1493 

89.0 

.6393 

5.320 

.1880 

45.0 

.8000 

6.661 

.1501 

90.0 

.6364 

5.296 

.1888 

46.0 

.7955 

6.623 

.1510 

91.0 

.6335 

5.272 

.1897 

47.0 

.7910 

6.586 

.1518 

.    92.0 

.6306 

5.248 

.1905 

48.0 

.7865 

6.548 

.1527 

93.0 

.6278 

5.225 

.1914 

49.0 

.7821 

6.511 

.1536 

94.0 

.6250 

5.201 

.1923 

50.0 

.7778 

6.476 

.1544 

95.0 

.6222 

5.178 

.1931 

51.0 

.7735 

6.440 

.1553 

96.0 

.6195 

5.155 

.1940 

52.0 

.7692 

6.404 

.1562 

97.0 

.6167 

5.132 

.1949 

53.0 

.7650 

6.369 

.1570 

98.0 

.6140 

5.110 

.1957 

54.0 

.7609 

6.334 

.1579 

99.0 

.6114 

5.088 

.1966 

55.0 

.7568 

.      6.300 

.1587 

100.0 

.6087 

5.066 

.1974 

(See  Circular  No.  57  for  more  complete  tables.) 
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TABLE  19.— Degrees  Baum^  Conesponding  to  Specific  Gravities  at  ^  F  (^  C) 
for  Liquids  Heavier  than  Water 

145 


{Calcttlatod  from  tha  Iwmuki  defreei  BaiuiiA  =»  14S  —  ■ 


United  StaiM,  for  liquids  hMviar  than  water] 


-which  deflnee  the  BatmiA  icale,  la  general  nee  ia  tte 


TV  15956^ 
^13356^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Difl. 

IM 

aooo 

0.145 

0.289 

0.434 

0.578 

0.721 

0.865 

\SM 

1.151 

L293 

143 

1.01 
1.02 
1X» 
1.04 
1.05 

1.436 
2.843 
4.223 
5.577 
6.905 

1.578 
2.982 
4J60 
5.711 
7.036 

1.719 
3.U1 
4.496 
5.845 
7.167 

1.861 
3.260 
4.632 
5.978 
7.298 

2.002 
3.399 
4.768 
6.111 
7.429 

2.143 
3.537 
4.903 
6.244 
7.559 

2.283 
3.675 
5.038 
6.377 
7.689 

2.424 
3.812 
5.174 
6.509 
7.819 

2.564 
3.950 
5.308 

6.641 
7.949 

2.704 
4.067 

5.443 
6.773 
8U)78 

141 
138 
136 
133 
130 

1.07 
IM 
1.09 
1.10 

8.208 
9.486 
10.741 
11.972 
13.182 

8.336 
9.613 
10.865 
12.094 
13.302 

8.465 
9.739 
10.989 
12.216 
13.421 

8.594 
9.865 
11.113 
12.338 
13.540 

8.722 
9.991 
11.236 
12.459 
13.659 

8.850 
10.116 
11.359 
12.580 
13.778 

8.978 
10.242 
11.483 
12.701 
13.897 

9.105 
10.367 
11.605 
12.821 
14.015 

9.232 
10.492 
11.728 
12.942 
14.134 

9.359 
10.616 
11.850 
13.062 
14.252 

128  . 

126 

124 

Ul 

119 

1.11 
1.12 
1.13 
1.14 
1.15 

14370 
15.536 
16.682 
17.807 
18.913 

14.487 
15.651 
16.795 
17.919 
19.023 

14.604 
15.767 
16.908 
18.030 
19.132 

14.721 
15.882 
17.021 
18.141 
19^:41 

14.838 
15.997 
17.134 
18.252 
19.350 

14.955 
16.111 
17.247 
18.363 
19.459 

15.072 
16.226 
17.359 
18.473 
19.568 

15.188 
16.340 
17.471 
18.583 
19.676 

15.304 
16.454 
17.583 
18.693 
19.784 

15.420 
16.568 
17.695 
18.803 
19.892 

117 
115 
113 
111 
109 

1.16 
1.17 
1.18 
1.19 
1.20 

20.000 
21.068 
22.119 
23.151 
24.167 

20.106 
21.174 
22.223 
23.254 
24.267 

20.215 
21.280 
22.327 
23.356 
24.368 

20.322 
21.385 
22.430 
23.458 
24.468 

20.430 
21.491 
22.534 
23.560 
24.568 

20.536 
21.596 
22.637 
23.661 
24.668 

20.643 
21.701 
22.740 
23.763 
24.768 

20.750 
21.806 
.22.843 
23.864 
24.868 

20.856 
21.910 
22.946 
23.965 
24.967 

20.962 
220)14 
23.049 
24.066 
25.066 

107 
105 
103 
101 
100 

1.21 
1.22 
1.23 
1.24 
1.25 

25.165 
26.148 
27.114 
28.065 
29X00 

25.264 
26.245 
27.210 
28,159 
29.093 

25.363 
26.342 
27.305 
28.253 
29.185 

25.462 
26.439 
27.401 
28.347 
29.278 

25.560 
26.5.16 
27.496 
28.441 
29.370 

25.658 
26.633 
27.591 
28.534 
29.462 

25.755 
26.729 
27.686 
28.628 
29.554 

25.855 
26.826 
27.781 
28.721 
29.646 

25.952 
26.922 
27.876 
28.814 
29.738 

26.050 
27.018 
27.970 
28.907 
29.829 

98 
97 
95 
94 
92 

1.26 
1.27 
1.28 
1.29 
1.30 

29.921 
30.827 
31.719 
32.597 
33.462 

30.012 
30.917 
31.807 
32.684 
33.547 

30.103 
31.006 
31.896 
32.771 
33.633 

30.194 
31.096 
31.984 
32.858 
33.718 

30.285 
31.185 
32.072 
32.944 
33.804 

30.376 
31.275 
32.160 
33.031 
33.889 

30.466 
31.364 
32.247 
33.117 
33.974 

30.556 
31.453 
32.3.15 
33.204 
34.059 

30.647 

31.542 

32.422. 

33.290 

34.144 

30.737 
31.630 
32.510 
S3J76 
34.229 

91 
.    89 
88 
87 
85 

1.31 
1.32 
1.33 
1.34 
1.35 

34.313 
35.152 
35.977 
36.791 
37.593 

34.397 
35.235 
36.059 
36.872 
37.672 

34.482 
35.318 
36.141 
36.952 
37.751 

34.566 
35.401 
36.223 
37.033 
37.831 

34.650 
35.483 
36.304 
37.113 
37.910 

34.734 
35.566 
36.386 
37.193 
37.989 

34J18 
35.649 
36.467 
37.273 
38.068 

34.901 
35.731 
36.548 
37.353 
38.147 

34.985 
35.813 
36.629 
37.433 
38.225 

35.068 
35.895 
36.710 
37.513 
38J04 

84 
83 

81 
80 
79 

1.36 
1.37 
1.38 
1.39 
1.40 

38.382 
39.161 
39.928 
40.683 
41.429 

38.461 
39.238 
40.004 
40.758 
41.503 

38.539 
39.315 
40.080 
40.833 
41.576 

38.617 
39.392 
40.156 
40.908 
41.650 

38.695 
39.469 
40.231 
40.983 
41.724 

38.773 
39.546 
40.307 
41.057 
41.797 

38.851 
39.622 
40.382 
41.132 
41.871 

38.928 
39.609 
40.458 
41.206 
41.944 

39.006 
39.775 
40.533 
41.280 
42.017 

39J03 
39.851 
40.606 
41355 
42.090 

78 
77 
76 
75 
74 

1.41 

42.163 

42.236 

42.309 

42.381 

42.454 

42.527 

42.599 

.42.671 

42.743 

42J1S 

73 
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TABLE  19.— Degrees  Baum^  Corresponding  to  Specific  Gravities  at  ^  F  (^  C) 
for  Liquids  Heavier  than  Water — Continued 


^S'^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Dm. 

1.41 

42.163 

42J36 

42.309 

42.381 

42.454 

42.527 

42.599 

42.671 

42.743 

42J15 

•73 

M2 

42.887 

42.959 

434)31 

43.103 

43.174 

43.246 

43.317 

43.388 

43.459 

43.530 

72 

1.43 

43.601 

43.672 

43.743 

43.814 

43.884 

43.955 

44.025 

44.095 

44.166 

44.236 

71 

1.44 

44.306 

44.376 

44.445 

44.515 

44.585 

44.654 

44.724 

44.793 

44.862 

44.931 

70 

MS 

45.000 

45.069 

45.138 

45.207 

45.275 

45.344 

45.412 

45.481 

45.549 

45.617 

69 

1.46 

45.685 

45.753 

45.821 

45.889 

45.956 

46.024 

46.091 

46.159 

46.226 

46.293 

67 

1.47 

46.361 

46.428 

46.495 

46.562 

46U>28 

46.695 

46.762 

46.828 

46.894 

46.961 

67 

1.48 

47.027 

47.093 

47.159 

47.225 

47.291 

47.357 

47.423 

47.488 

47.554 

47.619 

66 

1.49 

47.685 

47.750 

47.815 

47.880 

47.945 

48.010 

48.075 

48.140 

48.204 

48.269 

65 

1.S0 

48.333 

48.398 

48.462 

48.526 

48J91 

48.655 

48.719 

48.782 

48.846 

48.910 

64 

1.S1 

48.974 

49.037 

49.101 

49.164 

49.227 

49.290 

49.354 

49.417 

49.480 

49.543 

63 

1.S2 

49.605 

49.668 

49.731 

49.793 

49.856 

49.918 

49.980 

50.043 

50.105 

50.167 

62 

1.53 

50.229 

50.291 

50.353 

50.414 

50.476 

50.538 

50.599 

50.660 

50.722 

50.783 

61 

1.54 

50.844 

50.905 

50.966 

51.027 

51.088 

51.149 

51.210 

51.270 

51.331 

51.391 

61 

L55 

51.452 

51.512 

51.572 

51.632 

51.692 

51.752 

51.812 

51.872 

51.932 

51.992 

60  • 

1.S6 

52.051 

52.111 

52.170 

52.230 

52.289 

52.348 

52.407 

52.467 

52.526 

52.585 

59 

1^7 

52.643 

52.702 

52.761 

52.820 

52.878 

52.937 

52.995 

53.053 

53.112 

53.170 

59 

1.58 

53.228 

53.286 

53.344 

53.402 

53.460 

53.517 

53.575 

53.633 

53.690 

53.748 

58 

1.59 

53.805 

53.862 

53.920 

53.977 

54.034 

54.091 

54.148 

54.205 

54.262 

54.318 

57 

1.60 

54.375 

54.432 

54.488 

54.545 

54.601 

54.657 

54.714 

54.770 

54.826 

54.882 

56 

1.61 

54.938 

54.994 

55.050 

55.106 

55.161 

55.217 

55.272 

55.328 

55.383 

55.439 

56 

1.62 

55.494 

55.549 

55.604 

55.659 

55.714 

55.769 

55.824 

55J79 

55.934 

55.988 

55 

1.63 

56U)43 

56.098 

56.152 

56.206 

56.261 

56.315 

56.369 

56.423 

56.478 

56.531 

54 

1.64 

56.585 

56.639 

56.693 

56.747 

56.801 

56,854 

56.908 

56.961 

57.015 

57.068 

54 

1.65 

57.121 

57.175 

57.228 

57.281 

57.334 

57.387 

57.440 

57.493 

57.545 

57.598 

53 

1.66 

57.651 

57.703 

57.756 

57.808 

57.861 

57.913 

57.965 

58.017 

58.070 

58.122 

52 

1.67 

58.174 

58.226 

58.278 

58.329 

58.381 

58.433 

58.485 

58.536 

58.588 

58.639 

52 

1.68 

58.690 

58.742 

58.793 

58.844 

58.896 

58.947 

58.998 

59.049 

59.100 

59.150 

51 

1.69 

59.201 

59.252 

59.303 

59.353 

59.404 

59.454 

59.505 

59.555 

59.605 

59.656 

50 

1.70 

59.706 

59.756 

59.806 

59.856 

59.906 

59.956 

60.006 

60.056 

60.105 

60.155 

50 

1.71 

60.205 

60.254 

60.304 

60.353 

60.403 

60.452 

60.501 

60.550 

60.600 

60.649 

49 

1.72 

60.698 

60.747 

60.796 

60.844 

60.893 

60.942 

60.991 

61.039 

61.088 

61.136 

49 

1.73 

61.185 

61.234 

61.282 

61.330 

61.378 

61.427 

61.475 

61.523 

61.571 

61.619 

48 

1.74 

61.667 

61.715 

61.762 

61.810 

61.858 

61.906 

61.953 

62.001 

62.048 

62.096 

48 

1.75 

62.143 

62.190 

62.237 

62.285 

62.332 

62.379 

62.426 

62.473 

62.520 

62.567 

47 

1.76 

62.614 

62.660 

62.707 

62.754 

62.801 

62.847 

62.894 

62.940 

62.987 

63.033 

46 

L77 

63.079 

63.125 

63.172 

63.218 

63.264 

63.310 

63.356 

63.402 

63.448 

63.494 

46 

L78 

63.539 

63.585 

63.631 

63.676 

63.722 

63.768 

63.813 

63.858 

63.904 

63.949 

46 

1.79 

63.994 

64.040 

64.085 

64.130 

64.175 

64.220 

64.265 

64.310 

64.355 

64.400 

45 

1.80 

64.445 

64.489 

64.534 

64.579 

64.623 

64.668 

64.712 

64.757 

64.801 

64.845 

45 

1.81 

64.890 

64.934 

64.978 

65.022 

65.066 

65.110 

65.154 

65.198 

65.242 

65.286 

44 

1.82 

65.330 

65.374 

65.417 

65.461 

65.504 

65.548 

65.591 

65.635 

65.678 

65.722 

43 

1.83 

65.765 

65.808 

65.852 

65.895 

65.938 

65.981 

66.024 

66.067 

66.110 

66.153 

43 

1.84 

66.196 

66.238 

66.281 

66.324 

66.367 

66.409 

66.452 

66.494 

66.537 

66.579 

42 

L85 

66.622 
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TABLE  20. — Specific  Gravities  at  JJ^F  ({s^lJc)  Corresponding  to  D^n^es  Baum^ 

for  Liquids  Heavier  than  Water 

[60*  145  1 

Calcolatod  from- the  lonnuUi  •peclflc  gravity  ^qoF-  i45_i>e^  BaomA.  J 


Tenths  of  Degrees  Btum6 

Degrees 

Batunft 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1.0000 

1.0007 

1.0014 

1.0021 

1.0028 

1.0035 

1.0042 

1.0049 

1.0055 

IM62 

1 

1.0069 

1.0076 

1.0083 

1.0090 

1.0097 

1.0105 

1.0112 

1.0119 

1.0126 

1.0133 

2 

1.0140 

1.0147 

1.0154 

1.0161 

1.0168 

1.0175 

1.0183 

1.0190 

1.0197 

1.0204 

3 

1.0211 

1.0218 

1.0226 

1.0233 

1.0240 

1.0247 

1.0255 

1.0262 

1.0269 

1.0276 

4 

1.0284 

1.0291 

1.0298 

1.0306 

1.0313 

1.0320 

1.0328 

1.0335 

1.0342 

1.0150 

5 

1.0357 

1.0365 

1.0372 

1.0379 

1.0387 

1.0394 

1.0402 

1.0409 

1.0417 

1.0424 

6 

1.0432 

1.0439 

1.0447 

1.0454 

1.0462 

1.0469 

1.0477 

1.0484 

1.0492 

1.0500 

7 

1.0507 

1.0515 

1.0522 

1.0530 

1.0538 

1.0545 

1.0553 

1.0561 

1.0569 

1.0576 

8 

1.0584 

1.0592 

1.0599 

1.0607 

1.0615 

1.0623 

1.0630 

1.0638 

1U)646 

1.0654 

9 

1.0662 

1.0670 

1.0677 

1.0685 

1.0693 

1.0701 

1.0709 

1.0717 

1.0725 

1.0733 

10 

1.0741 

1.0749 

1.0757 

1.0765 

1.0773 

1.0781 

1.0789 

1.0797 

1.080S 

1.0613 

11 

1.0821 

1.0829 

1.0837 

1.0845 

1.0853 

1.0861 

1.0870 

1.0878 

1.0686 

1.0694 

12 

1.0902 

1.0910 

1.0919 

1.0927 

1.0935 

1.0943 

1.0952 

1.0960 

1.0968 

ijom 

13 

1.0985 

1.0993 

1.1002 

1.1010 

1.1018 

1.1027 

1.1035 

1.1043 

1.1052 

1.1060 

14 

1.1069 

1.1077 

1.1086 

1.1094 

1.1103 

1.1111 

1.1120 

1.1128 

1.1137 

1.1145 

IS 

1.1154 

1.1162 

1.1171 

1.1180 

1.1188 

1.1197 

1.1206 

1.1214 

1.1223 

1.1232 

16 

1.1240 

1.1249 

1.1258 

1.1267 

1.1275 

1.1284 

1.1293 

1.1302 

1.1310 

1.1319 

17 

1.1328 

1.1337 

1.1346 

1.1355 

1.1364 

1.1373 

1.1381 

1.1390 

1.1399 

1.1406 

18 

1.1417 

1.1426 

1.1435 

1.1444 

1.1453 

1.1462 

1.1472 

1.1481 

1.1490 

1.1499 

19 

1.1508 

1.1517 

1.1526 

1.1535 

1.1545 

1.1554 

1.1563 

1.1572 

1.1581 

1.1591 

20 

1.1600 

1.1609 

1.1619 

1.1628 

1.1637 

1.1647 

1.1656 

1.1665 

1.1675 

1.1684 

21 

1.1694 

1.1703 

1.1712 

1.1722 

1.1731 

1.1741 

1.1750 

1.1760 

1.1769 

1.1779 

22 

1.1789 

1.1798 

1.1808 

1.1817 

1.1827 

1.1837 

1.1846 

1.1856 

1.1866 

1.1876 

23 

1.1885 

1.1895 

1.1905 

1.1915 

1.1924 

1.1934 

1.1944 

1.1954 

1.1964 

1.1974 

24 

1.1983 

1.1993 

1.2003 

1.2013 

1.2023 

1.2033 

1.2043 

1.2053 

1.2063 

1.2073 

25 

1.2083 

1.2093 

1.2104 

1.2114 

1.2124 

1.2134 

1.2144 

1.2154 

1.2164 

1J!17S 

26 

1.2185 

1.2195 

1.2205 

1.2216 

1.2226 

1.2236 

1.2247 

1.2257 

1.226V 

1.2278 

27 

1.2288 

1.2299 

1.2309 

1.2319 

1.2330 

1.2340 

1.2351 

1.2361 

1.2372 

1.2383 

28 

1.2393 

1.2404 

1.2414 

1.2425 

1.2436 

1.2446 

1.2457 

1.2468 

1.2478 

1J!489 

29 

1.2500 

1.2511 

1.2522 

1.2532 

1.2543 

1.2554 

1.2565 

1.2576 

1.2587 

1.2596 

30 

1.2609 

1.2620 

1.2631 

1.2642 

1.2653 

1.2664 

1.2675 

1.2686 

1.2697 

1.2706 

31 

1.2719 

1.2730 

1.2742 

1.2753 

1.2764 

1.2775 

1.2787 

1.2798 

1.2809 

1.2821 

32 

1.2832 

1.2843 

1.2855 

1.2866 

1.2877 

1.2889 

1.2900 

1.2912 

1.2923 

1.2935 

33 

1.2946 

1.2958 

1.2970 

1.2981 

1.2993 

1.3004 

1.3016 

1.3028 

1.3040 

1.3051 

34 

1.3063 

1.3075 

1.3087 

1.3098 

1.3110 

1.3122 

1.3134 

1.3146 

1.3158 

1.3170 

35 

1.3182 

1.3194 

1.3206 

1.3218 

1.3230 

1.3242 

1.3254 

1.3266 

1.3278 

1.3291 

36 

1.3303 

1.3315 

1.3327 

1.3339 

1.3352 

1.3364 

1.3376 

1.3389 

1.3401 

1.3414 

37 

1.3426 

1.3438 

1.3451 

1.3463 

1.3476 

1.3488 

1.3501 

1.3514 

1.3526 

1.3539 

38 

1.3551 

1.3564 

1.3577 

1.3590 

1.3602 

1.3615 

1.3628 

1.3641 

1J653 

1.3666 

.  39 

1.3679 

1.3692 

1.3705 

1.3718 

1.3731 

1.3744 

1.3757 

1.3770 

1.3783 

1J796 

40 

1.3810 

1.3823 

1.3836 

1.3849 

1.3862 

1.3876 

1.3889 

1.3902 

1.3916 

1.3929 

41 

1.3942 

1.3956 

1.3969 

1.3983 

1.3996 

1.4010 

1.4023 

1.4037 

1.4050 

1.4064 

42 

1.4078 

1.4091 

1.4105 

1.4119 

1.4133 

1.4146 

1.4160 

1.4174 

1.4188 

1.4202 

43 

1.4216 

1.4230 

1.4244 

1.4258 

1.4272 

1.4286 

1.4300 

1.4314 

1.4328 

1.4342 

44 

1.4356 

1.4371 

1.4385 

1.4399 

1.4414 

1.4428 

1.4442 

1.4457 

1.4471 

1.4466 

45 

1.4500 

1.4515 

1.4529 

1.4544 

1.4558 

1.4573 

1.4588 

1.4602 

1.4617 

1.4632 

46 

1.4646 

1.4661 

1.4676 

1.4691 

1.4706 

1.4721 

1.4736 

1.4751 

1.4766 

1.4781 

47 

1.4796 

1.4811 

1.4826 

1.4841 

1.4857 

1.4872 

1.4887 

1.4902 

1.4918 

1.4933 

48 

1.4948 

1.4964 

1.4979 

1.4995 

1.5010 

1.5026 

1.5041 

1.5057 

1.5073 

1.5068 

49 

1.5104 

1.5120 

1.5136 

1.5152 

1.5167 

1.5183 

1.5199 

1.5215 

1.5231 

1.5247 

50 

1.5263 

1.5279 

1.5295 

1.5312 

1.5328 

1.5344 

1.5360 

1.5376 

1.5393 

1.5409 

51 

1.5426 

1.5442 

1.5458 

1M7S 

1.5491 

1.5508 

1.5525 

1.5541 

1.5558 

1.5575 

52 

1.5591 

1.5608 

1.5625 

1.5642 

1.5659 

1.5676 

1.5693 

1.5710 

1.5727 

1.5744 

53 

1.5761 

'  1.5778 

1.5795 

1.5812 

1.5830 

1.5847 

1.5864 

1.5882 

1.5899 

1.5917 

54 

1.5934 

1.5952 

1.5969 

1.5987 

1.6004 

1.6022 

1.6040 

1.60S8 

1.6075 

iJkse 

1.6093 

55 

1.6111 

1.6129 

1.6147 

1.6165 

1.6183 

1.6201 

1.6219 

1.6237 

1.6274 

56 

1.6292 

1.6310 

1.6329 

1.6347 

1.6366 

1.6384 

1.6403 

1.6421 

1.6440 

1.6459 

57 

1.6477 

1.6496 

1.6515 

1.6534 

1.6553 

1.6571 

1.6590 

1.6609 

^69 

1.6648 

58 

1.6667 

1.6686 

1.6705 

1.6724 

1.6744 

1.6763 

1.6782 

1.6802 

1.6821 

1.6841 

59 

1.6860 

1.6880 

1.6900 

1.6919 

1.6939 

1.6959 

1.6979 

1.6999 

1.7019 

1.7039 

60 

1.7059 

1.7079 

1.7099 

1.7119 

1.7139 

1.7160 

1.7180 

1.7200 

1.7221 

1.7241 

61 

1.7262 

1.7282 

1.7303 

1.7324 

1.7344 

1.7365 

1.7386 

1.7407 

1.7428 

1.7449 

62 

1.7470 

1.7491 

1.7512 

1.7533 

1.7554 

1.7576 

1.7597 

1.7618 

1.7640 

1.7661 

63 

1.7683 

1.7705 

1.7726 

1.7748 

1.7770 

1.7791 

1.7813 

1.7835 

1.7857 

1.7879 

64 

1.7901 

1.7923 

1.7946 

1.7968 

1.7990 

1.8012 

1.8035 

1.8057 

1.8080 

1.8102 

65 

1.8125 

1.8148 

1.8170 

1.8193 

1.8216 

1.8239 

1.8262 

1.8285 

1.8306 

1.8331 

66 

1.8354 

1.8378 

1.8401 

1.8424 

1.8448 

1.8471 

1.8495 

1.8519 

1.8542 

1.6566 

67 

1.8590 

1.8614 

1.8638 

1.8662 

1.8686 

1.8710 

1.8734 

1.8758 

1.8782 

1.8607 

68 

1.8831 

1.8856 

1.8880 

1.8905 

1.8930 

1.8954 

1.8979 

1.9004 

1.9029 

1.9054 

69 

1.9079 

1.9104 

1.9129 

1.9155 

1.9180 

1.9205 

1.9231 

1.9256 

1.9282 

1.9306 

70 

1.9333 
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TABLE  21.— D^;rees  Baum^  CorresponcUng  to  Specific  Gravities  at  %  F  (}^C) 

for  Liquids  Lighter  than  Water 

140 


[Cslciilatod  iram  the  temnla  dflgraea  Baoml— 


-130  which  defliiM  th«  Baism6  actla.  In  general  uee  In  Ihft 


»60*' 
United  SCirfee.  isr  liquids  lighter  than  weter] 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

DHL 

0^ 

103.333 

102.945 

102.558 

102.172 

101.788 

101.405 

101.023 

100.642 

100.263 

99.885 

382 

.61 

99.508 

99.133 

98.758 

98.385 

98.013 

97.642 

97.273 

96.904 

96.537 

96.171 

370 

.62 

95.806 

95.443 

95.080 

94.719 

94.359 

94.000 

93.642 

93.285 

92.930 

92.576 

360 

.63 

92.222 

91.870 

91.519 

91.169 

90.820 

90.472 

90.126 

89.780 

89.436 

89.092 

348 

.64 

88.750 

88.409 

88.068 

87.729 

87.391 

87.054 

86.718 

86.383 

86.049 

85.716 

337 

.65 

85.385 

85.054 

84.724 

84.395 

84.067 

83.741 

83.415 

83.090 

82.766 

82.443 

327 

.66 

82.121 

81.800 

81.480 

81.161 

80.843 

80.526 

80.210 

79.895 

79.581 

79.268 

317 

.67 

78.955 

78.644 

78.333 

78.024 

77.715 

77.407 

77.101 

76.795 

76.490 

76.186 

308 

.68 

75.882 

75.580 

75.279 

74.978 

74.678 

74.380 

74.082 

73.785 

73.488 

73.193 

298 

.69 

72.899 

72.605 

72.312 

72.020 

71.729 

71.439 

71.149 

70.861 

70.573 

70.286 

290 

.70 

70.000 

69.715 

69.430 

69.146 

68.864 

68.582 

68.300 

68.020 

67.740 

67.461 

282 

.71 

67.183 

66.906 

66.629 

66.354 

66.078 

65.804 

65.531 

65.258 

64.986 

64.715 

274 

.72 

64.444 

64.175 

63.906 

63.638 

63.370 

63.103 

62.837 

62.572 

62.308 

62.044 

266 

.73 

61.781 

61.518 

61.257 

60.996 

60.736 

60.476 

60.217 

59.959 

59.702 

59.445 

260 

.74 

59.189 

58.934 

58.679 

58.425 

58.172 

57.919 

57.668 

57.416 

57.166 

56.916 

252 

.75 

56.667 

56.418 

56.170 

55.923 

55.676 

55.430 

55.185 

54.941 

54.697 

54.453 

246 

.76 

54.210 

53.968 

53.727 

53.486 

53.246 

53.007 

52.768 

52.529 

52.292 

52.055 

239 

.n 

51.818 

51.582 

51.347 

51.113 

50.879 

50.645 

50.412 

50.180 

49.949 

49.718 

234 

.78 

49.487 

49.257 

49.028 

48.799 

48.571 

48.344 

48.117 

47.891 

47.665 

47.440 

227 

.79 

47.215 

46.991 

46.768 

46.545 

46.322 

46.101 

45.879 

45.659 

45.439 

45.219 

222 

.80 

45.000 

44.781 

44.564 

44.346 

44.129 

43.913 

43.697 

43.482 

43.267 

43.053 

216 

.81 

42.840 

42.626 

42.414 

42.202 

41.990 

41.779 

41.569 

41.359 

41.149 

40.940 

210 

.82 

40.732 

40.524 

40.316 

40.109 

39.903 

39.697 

39.492 

39.287 

39.082 

38.878 

206 

.83 

38.675 

38.472 

38.269 

38.067 

37.866 

37.665 

37.464 

37.264 

37.064 

36.866 

201 

.84 

36.667 

36.469 

36.271 

36.074 

35.877 

35.680 

35.485 

35.289 

35.094 

34.900 

196 

.85 

34.706 

34.512 

34.319 

34.127 

33.934 

33.743 

33.551 

33.361 

33.170 

32.980 

192 

.86 

32.791 

32.602 

32.413 

32.225 

32.037 

31.850 

31.663 

31.476 

31.290 

31.105 

187 

JB7 

30.920 

30.735 

30.550 

30.366 

30.183 

30.000 

29.817 

29.635 

29.453 

29.272 

183 

M 

29.091 

28.910 

28.730 

28.550 

28371 

28.192 

28.014 

27.835 

27.658 

27.480 

179 

M 

27J03 

27.127 

26.951 

26.775 

26.600 

26.425 

26.250 

26.076 

25.902 

25.729 

175 

M 

25.556 

25.383 

25.211 

25.039 

24.867 

24.696 

24.525 

24.355 

24.185 

24.015 

171 

.91 

23.846 

23.677 

23.509 

23.341 

23.173 

23.005 

22.838 

22.672 

22.506 

22.339 

168 

.92 

22.174 

22U)09 

21.844 

21.679 

21.515 

21.351 

21.188 

21.025 

20.862 

20.700 

164 

.99 

20.538 

20.376 

20.215 

20.054 

19.893 

19.733 

19.573 

19.413 

19.254 

19.095 

160 

.94 

18.936 

18.778 

18.620 

18.462 

18.305 

18.148 

17.991 

17.835 

17.679 

17.524 

157 

.95 

17.368 

17.214 

17.059 

16.905 

16.751 

16.597 

16.444 

16.290 

16.138 

15.985 

154 

.96 

15.833 

15.682 

15.530 

15.379 

15.228 

15.078 

14.928 

14.778 

14.628 

14.479 

150 

.97 

14.330 

14.181 

14.033 

13.885 

13.737 

13.590 

13.443 

13.297 

13.149 

13.003 

147 

.90 

12.857 

12.712 

12.566 

12.421 

12.276 

12.132 

11.988 

11.844 

11.700 

11.557 

144 

.99 

11.414 

11.271 

11.129 

10.987 

10.845 

10.704 

10.562 

10.421 

10.281 

10.140 

142 

LOO 
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TABLE  22.— Soedfic  Gravities  at  ^  F  (^  C)  Corresponding  to  Degrees  Bamn6 

for  Liquids  Lighter  than  Water 

[Calotlatad  from  fha  fonmila,  Spedflc  Gravity  f^v- .^^   l^ — =n  1 
60^       130+Deg-  B6  J 


Decreet 

Bmam€ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1.0000 

0.9993 

0.9986 

0.9979 

0.9972 

0.9964 

0.9957 

0.9950 

0.9943 

0.9936 

11 

.9929 

.9922 

.9915 

.9908 

.9901 

.9894 

.9887 

.9880 

.9873 

.9866 

12 

.9859 

.9852 

.9845 

.9838 

.9831 

.9825 

.9818 

.9811 

.9804 

.9797 

13 

.9790 

.9783 

.9777 

.9770 

.9763 

.9756 

.9749 

.9743 

.9736 

.9729 

14 

.9722 

.9715 

.9709 

.9702 

.9695 

.9689 

.9682 

.9675 

.9669 

.9662 

15   V 

.9655 

.9649 

.9642 

.9635 

.9629 

.9622 

.9615 

.9609 

.9602 

.9596 

16   ^ 

.9589 

.9582 

.9576 

.9569 

.9563 

.9556 

.9550 

.9543 

.9537 

.9530 

17 

.9524 

.9517 

.9511 

.9504 

.9498 

.9492 

.9485 

.9479 

.9472 

.9466 

18 

.9459 

.9453 

.9447 

.9440 

.9434 

.9428 

.9421 

.9415 

.9409 

.9402 

19 

.9396 

.9390 

.9383 

.9377 

.9371 

.9365 

.9358 

.9352 

.9346 

.9340 

20 

.9327 

.9321 

.9315 

.9309 

.9302 

.9296 

.9290 

.9284 

.9278 

21 

.9272 

.9265 

.9259 

.9253 

.9247 

.9241 

.9235 

.9229 

.9223 

.9217 

22 

.9211 

.9204 

.9198 

.9192 

.9186 

.9180 

.9174 

.9168 

.9162 

.9156 

23 

.9150 

.9144 

.9138 

.9132 

.9126 

.9121 

.9115 

.9109 

.9103 

.9097 

24 

.9091 

.9085 

.9079 

.9073 

.9067 

.9061 

.9056 

.9050 

.9044 

.9038 

25 

.9032 

.9026 

.9021 

.9015 

.9009 

.9003 

.8997 

.8992 

.8966 

.8980 

26 

.8974 

.8969 

.8963 

.8957 

.8951 

.8946 

.8940 

.8934 

.8929 

.8923 

27 

.8917 

.8912 

.8906 

.8900 

.8895 

.8889 

.8883 

.8878 

.8872 

.8866 

28 

.8861 

.8855 

.8850 

.8844 

.8838 

.8833 

.8827 

.8822 

.8816 

.8811 

29 

.8805 

.8799 

.8794 

.8788 

.8783 

.8777 

.8772 

.8766 

.8761 

.8755 

30 

.8750 

.8745 

.8739 

.8734 

.8728 

.8723 

.8717 

.8712 

.8706 

.8701 

31 

.8696 

.8690 

.8685 

.8679 

.8674 

.8669 

.8663 

.8658 

.8653 

.8647 

32 

.8642 

.8637 

.8631 

.8626 

.8621 

.8615 

.8610 

.8605 

.8600 

.8594 

33 

.8589 

.8584 

.8578 

.8573 

.8568 

.8563 

.8557 

.8552 

.8547 

.8542 

34 

.8537 

.8531 

.8526 

.8521 

.8516 

.8511 

.8505 

.8500 

.8495 

.8490 

35 

.8485 

.8480 

.8475 

.8469 

.8464 

.8459 

.8454 

.8449 

.8444 

.8439 

36 

.8434 

.8429 

.8424 

.8419 

.8413 

.8408 

.8403 

.8398 

.8393 

.8388 

37 

.8383 

.8378 

.8373 

.8368 

.8363 

.8358 

.8353 

.8348 

.8343 

.8338 

38 

.8333 

.8328 

.8323 

.8318 

.8314 

.8309 

.8304 

.8299 

.8294 

.8289 

39 

.8284 

.8279 

.8274 

.8269 

.8264 

.8260 

.8255 

.8250 

.8245 

.8240 

40 

.8235 

.8230 

.8226 

.8221 

.8216 

.8211 

.8206 

.8202 

.8197 

.8192 

41 

.8187 

.8182 

.8178 

.8173 

.8168 

.8163 

.8159 

.8154 

.8149 

J144 

42 

.8140 

.8135 

.8130 

.8125 

.8121 

.8116 

.8111 

.8107 

.8102 

.8097 

43 

.8092 

.8088 

.8083 

.8078 

.8074 

.8069 

.8065 

.8060 

.8055 

MSI 

44 

.8046 

.8041 

.8037 

.8032 

.8028 

.8023 

.8018 

.8014 

.8009 

.8005 

45 

.8000 

.7995 

.7991 

.7986 

.7982 

.7977 

.7973 

.7968 

.7964 

.7959 

46 

.7955 

.7950 

.7946 

.7941 

.7937 

.7932 

.7928 

.7923 

.7919 

.7914 

47 

.7910 

.7905 

.7901 

.7896 

.7892 

.7887 

.7883 

.7878 

.7874 

.7870 

48 

.7865 

.7861 

.7856 

.7852 

.7848 

.7843 

.7839 

.7834 

.7830 

.7826 

4<> 

.7821 

.7817 

.7812 

.7808 

.7804 

.7799 

.7795 

.7791 

.7786 

.7782 

50 

.7778 

.7773 

.7769 

.7765 

.7761 

.7756 

.7752 

.7748 

.7743 

.7739 

51 

.7735 

.7731 

.7726 

.7722 

.7718 

.7713 

.7709 

.7705 

.7701 

.7697 

52 

.7692 

.7688 

.7684 

.7680 

.7675 

.7671 

.7667 

.7663 

.7659 

.7654 

53 

.7650 

.7646 

.7642 

.7638 

.7634 

.7629 

.7625 

.7621 

.7617 

.7613 

54 

.7609 

.7605 

.7600 

.7596 

.7592 

.7588 

.7584 

.7580 

.7576 

.7572 

SS 

.7568 

.7563 

.7559 

.7555 

.7551 

.7547 

.7543 

.7539 

.7535 

.7531 
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TABLE  22.— Specific  Gravities  at  ^  F  (^  C)  Corxesponding  to  Degrees  Baum6 
for  Liquids  Lighter  than  Water — Continued 


Tendii  of  Degrees  Bmm6 

DtcnM 

Bran* 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

55 

0.7568 

0.7563 

0.7559 

0.7555 

0.7551 

0.7547 

0.7543 

0.7539 

0.7535 

0.7531 

56 

.7527 

.7523 

.7519 

.7515 

.7511 

.7507 

.7503 

.7499 

.7495 

.7491 

57 

.7487 

.7483 

.7479 

.7475 

.7471 

.7467 

.7463 

.7459 

.7455 

.7451 

58 

.7447 

.7443 

.7439 

.7435 

.7431 

.7427 

.7423 

.7419 

.7415 

.7411 

59 

.7407 

.7403 

.7400 

.7396 

.7392 

.7388 

.7384 

.7380 

.7376 

.7372 

60 

.7368 

.7365 

.7361 

.7357 

.7353 

.7349 

.7345 

.7341 

.7338 

.7334 

61 

.7330 

.7326 

.7322 

•7318 

.7315 

.7311 

.7307 

.7303 

.7299 

.7295 

62 

..7292 

.7288 

.7284 

.7280 

.7277 

.7273 

.7269 

.7265 

.7261 

.7258 

63 

.7254 

.7250 

.7246 

.7243 

.7239 

.7235 

.7231 

.7228 

.7224 

.7220 

64 

.7216 

.7213 

.7209 

.7205 

.7202 

.7198 

.7194 

.7191 

.7187 

.7183 

65 

.7179 

.7176 

.7172 

.7168 

.7165 

.7161 

.7157 

.7154 

.7150 

.7147 

66 

.7143 

.7139 

.7136 

.7132 

.7128 

.7125 

.7121 

.7117 

.7114 

.7110 

67 

.7107 

.7103 

.7099 

.7096 

.7092 

.7089 

.7085 

.7081 

.7078 

.7074 

68 

.7071 

.7067 

.7064 

.7060 

.7056 

.7053 

.7049 

.7046 

.7042 

.7039 

6B 

.7035 

.7032 

.7028 

.7025 

.7021 

.7018 

.7014 

.7011 

.7007 

.7004 

70 

.7000 

.6997 

.6993 

.6990 

.6986 

.6983 

.6979 

.6976 

.6972 

.6969 

71 

.6965 

.6962 

.6958 

.6955 

.6951 

.6944 

.6941 

.6938 

.6934 

72 

.6931 

.6927 

.6924 

.6920 

.6917 

'.6914 

.6910 

.6907 

.6903 

.6900 

73 

.6897 

.6893 

.6890 

.6886 

.6883 

.6880 

.6876 

.6873 

.6869 

.6866 

74 

.6863 

.6859 

.6856 

.6853 

.6849 

.6846 

.6843 

.6839 

.6836 

.6833 

75 

.6829 

.6826 

.6823 

.6619 

.6816 

.6813 

.6809 

.6806 

.6803^ 

.6799 

76 

.6796 

.6793 

.6790 

.6786 

.6783 

.6780 

.6776 

.6773 

.6770 

.6767 

77 

.6763 

.6760 

.6757 

.6753 

.6750 

.6747 

.6744 

.6740 

.6737 

.6734 

78 

.6731 

.6728 

.6724 

.6721 

.6718 

.6715 

.6711 

.6708 

.6705 

.6702 

79 

.6699 

.6695 

.6692 

.6689 

.6686 

.6683 

.6679 

.6676 

.6673 

.6670 

80 

.6667 

.6663 

.6660 

.6657 

.6654 

.6651 

.6648 

.6645 

.6641 

.6638 

81 

.6635 

.6632 

.6629 

.6626 

.6623 

.6619 

.6616 

.6613 

.6610 

.6607 

82 

.6604 

.6601 

.6598 

.6594 

.6591 

.6588 

.6585 

.6582 

.6579 

.6576 

83 

.6573 

.6570 

.6567 

.6564 

.6560 

.6557 

.6554 

.6551 

.6548 

.6545 

84 

.6542 

.6539 

.6536 

.6533 

.6530 

.6527 

.6524 

.6521 

.6518 

.6515 

85 

.6512 

.6509 

.6506 

.6503 

.6500 

.6497 

.6494 

.6490 

.6487 

.6484 

86 

.6482 

.6479 

!6476 

.6473 

.6470 

.6467 

.6464 

.Ci61 

.6458 

.6455 

87 

.6452 

.6449 

.6446 

.6443 

.6440 

.6437 

.6434 

.6431 

.6428 

.6425 

88 

.6422 

.6419 

.6416 

.6413 

.6410 

.6407 

.6404 

.6401 

.6399 

.6396 

89 

.6393 

.6390 

.6387 

.6384 

.6381 

.6378 

.6375 

.6372 

.6369 

.6367 

90 

.6364 

.6361 

.6358 

.6355 

.6352 

.6349 

.6346 

.6343 

.6341 

.6338 

fl 

.6335 

.6332 

.6329 

.6326 

.6323 

.6321 

.6318 

.6315 

.6312 

.6309 

82 

.6306 

.6303 

.6301 

.6298 

.6295 

.6292 

.6289 

.6^6 

.6284 

.6281 

S3 

.6278 

.6275 

.6272 

.6270 

.6267 

.6264 

.6261 

.6258 

.6256 

.6253 

94 

.6250 

.6247 

.6244 

.6242 

.6239 

.6236 

.6233 

.6231 

.6228 

.6225 

95 

.6222 

.6219 

.6217 

.6214 

.6211 

.6208 

.6206 

.6203 

.6200 

.6197 

96 

.6195 

.6192 

.6189 

.6186 

.6184 

.6181 

.6178 

.6176 

.6173 

.6170 

97 

.6167 

.6165 

.6162 

.6159 

.6157 

.6154 

.6151 

.6148 

.6146 

.6143 

98 

.6140 

.6138 

.6135 

.6132 

.6130 

.6127 

.6124 

.6122 

.6119 

.6116 

99 

.6114 

.6111 

.6108 

.6106 

.6103 

.6100 

.6098 

.6095 

.6092 

.6090 

100 

.6087 
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TABLE  23.— Conversion  of  Density  Basis 

Prepand  for  tsie  In  reducing  reading!  of  a  hydrometer  graduated  to  Indicate  denalty  or  ipeciflc  gravity  at  a  ipecUled 
gtandard  temperature,  T,  referred  to  water  at  a  apecifled  temperature,  T%  aa  unity,  to  tlie  t>aala  of  anoOier  atandard  tem- 
perature, t,  and  reference  temperature,  t^ 

Tlie  factor  J  (given  in  unite  of  tlie  aiztli  decimal  place),  multiplied  by  the  denaity  or  specific-gravity  reading,  givee  the 
correction  to  l>e  ai^ed  to  the  reading  to  reduce  it  to  the  required  baaia. 

Snppoee  a  hydrometer  hidicateaapedflc  gravity  at  !^C.  audit  U  required  to  know  the  correction  in  order  that  it  ahail 

15956 
indicate  apedflc  gravity  at  1^055  C,  then, 

^15956    ^20*      ^20* 
^15956-^4^  +  ^^4^ 

20*  15956 

That  is,  if  the  hydrometer  indicates  correctly  a  specific  gravity  of  1^760  at  -^,  then  at  j^^  the  reading  of  the  instrument 

will  be  too  low  by  1.5760X0.001062-  0.0017.  A  correction  of  a0017  must  therefore  be  added  to  the  indication  ofjthe  hydrometer. 

15956 
Or,  if  a  malcer  uaing  atandards  indicating  I>xs^^  wishes  to  graduate  a  hydrometer  to  indicate  density  at  20^ 


/    20\ 
C  referred  to  water  at  4*  C  y^D  ^^,  the  readfaiga  of  the  atandard  must  be  corrected  by  use  of  the  factor  +0.1 


Suppose  the  atandard  reads. 

The  correqKmding  correction  is  1.6  X  .001062  — . 

Corrected  reading 

The  table  la  calculated  far  Jena  16ni  giaas. 


.001062. 

1.5760 
+0.0017 

1.5777 


Given  Basis  of 
Density 

Required  Basis  of  Density 
V 

v%c 

»? 

D--' 

„I5J6 

-^ 

^15 
°T5 

_17.5 
°173 

-i 

-1 

T 

T' 

i  (In  Units  of  the  Sixth  Decimal  Place) 

Dfic 

0 

+  115 

-h  172 

-f-  217 

+  230 

+  1104 

+  1177 

+  1459 

+1884 

+2931 

D^ 

-  115 

0 

-f    58 

-f  102 

+  115 

+  989 

+  1062 

+1345 

+1769 

+2816 

jjlZjS 

-  172 

-     58 

0 

4-    45 

f    58 

-f  932 

+  1005 

+1287 

+1711 

+2758 

D"f 

-  217 

-  102 

-     45 

0 

+     13 

+  887 

+  960 

+1242 

+1667 

+2713 

I>^ 

-  230 

-  115 

-     58 

-     13 

0 

+  874 

+  947 

+1229 

+1654 

+2700 

r>'i 

-1103 

-  988 

-  931 

-  886 

-  873 

0 

+    73 

+  354 

+  779 

+1826 

Dili 

-1176 

-1061 

-1004 

-  960 

-  947 

-    73 

0 

+  281 

+  706 

+1752 

^E 

-1457 

-1343 

-1285 

-1240 

-1227 

-  354 

-  281 

0 

+  424 

+1471 

Di 

-1881 

-1766 

-1708 

-1664 

-1651 

-  778 

-  705 

-  423 

0 

+1046 

d!1 

-2923 

-2808 

-2751 

-2707 

-2694 

-1821 

-1748 

-1468 

-1044 

0 
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TABLE  24.— Wdght  (in  grams),  at  Various  Pressures  and  Temperatures,  of  1  Liter 
of  Dry  Air  Containing  0.04  Per  Cent  of  CO, 


r^  ..  ^  *_     ...    *.        .     ^       1.293052        h 

[Computed  from  the  fannula  C-  fXTTTSMSTiX 


1+0.003671'^  760,  ^***"  ^  *•  preeeure  in  mm 

and  t  is  temperature  in  decrees  centigrade] 


mercury  at  0*  C,  end  standard  gratlty, 


Temper- 
stare  in 

Pressure  in  mm  of  Hg  (0* 

C.  Standard  Gravity) 

Dec-C 

720 

725 

730 

735 

740 

745 

750 

755 

760 

765 

770 

775 

15 
16 
17 
18 
19 

1.1611 
1.1571 
1.1531 
1.1491 
1.1451 

1.1691 
L1651 
1.1611 
1.1571 
1.1531 

1.1772 
1.1731 
1.1691 
1.1650 
L1611 

1.1853 
1.1812 
1.1771 
1.1730 
1.1690 

1.1933 

1.1892 
1.1851 
1.1810 
L1770 

1.2014 
1.1972 
1.1931 
1.1890 
L1849 

1.2095 
1.2053 
1.2011 
1.1970 
1.1929 

1.2175 
1.2133 
1.2091 
1.2049 
1.2008 

1.2256 
1.2213 
1.2171 
1.2129 
1.2068 

1.2336 
1.2294 
1.2251 
1.2209 
1.2167 

1.2417 
1.2374 
1.2331 
1.2289 
1.2247 

1.2498 
1.2454 
1.2411 
1.2369 
1.2326 

20 
21 
22 
23 
24 

1.1412 
1.1373 
1.1335 
1.1296 
1.1258 

1.1492 
1.1452 
1.1414 
1.1375 
L1337 

1.1571 
1.1531 
1.1492 
1.1453 
1.1415 

1.1650 
1.1610 
1.1571 
1.1532 
1.1493 

1.1729 
1.1689 
1.1650 
1.1610 
1.1571 

1.1809 
1.1768 
1.1728 
1.1689 
1.1649 

1.1888 
1.1847 
1.1807 
1.1767 
1.1727 

1.1967 
1.1926 
1.1886 
1.1846 
1.1806 

1.2046 
1.2005 
1.1965 
1.1924 
1.1884 

1.2126 
1.2084 
1.2043 
1.2002 
1.1962 

1.2205 
1.2163 
1.2122 
1.2081 
1.2040 

1.2284 
1.2242 
1.2201 
1.2159 
1.2118 

2S 
26 

27 
28 
29 

1.1220 
1.1183 
1.1146 
1.1106 
1.1072 

L1298 
1.1261 
1.1223 
1.1186 
L1149 

L1376 
1.1338 
1.1300 
1.1263 
1.1225 

1.1454 
1.1416 
1.1378 
1.1340 
1.1302 

1.1532 
1.1494 
1.1455 
1.1417 
1.1379 

1.1610 
1.1571 
1.1533 
1.1494 
1.1456 

1.1688 
1.1649 
1.1610 
1.1571 
1.1533 

1.1766 
1.1727 
1.1687 
1.1648 
1.1610 

1.1844 
1.1804 
1.1765 
1.1726 
1.1687 

1.1922 
1.1882 
1.1842 
1.1803 
1.1764 

1.2000 
1.1959 
1.1920 
1.1880 
1.1840 

1.2078 
1.2037 
1.1997 
1.1957 
1.1917 

30 
31 

1.1035 
1.0999 

1.1112 
L1075 

1.1188 
1.1151 

1.1265 
1.1228 

1.1342 
1.1304 

1.1418 
1.1381 

1.1495 
1.1457 

1.1571 
1.1533 

1.1648 
1.1610 

1.1725 
1.1686 

1.1801 
1.1762 

1.1878 
1.1839 

TABLE  25. — Buojrancy  Constants  (mg/ml) 


(Difference  in  mimgrams  between  the  mass  and  the  apparent  weight  of  1  milliliter  of  water  weighed  with  brass  weights 
(d— 8.4)  in  air  at  various  temperatures  and  barometer  readinga  (unreduced).    A  humidity  of  50  per  cent  saturatiim 
Is  assumed.    To  find  the  weigbt  of  1  milliliter  of  air  t 
*     I  by  1.135  (42/37)1 


r  under  the  conditions  sssnmed  in  this  tsble,  multiply  the  buoyancy 


Pressure 

Temperature  in  Degrees  Centigrade 

15 

20 

25 

30 

640 

0.904 

0.886 

0.869 

0.852 

650 

a918 

0.900 

0.883 

0.866 

660 

0.932 

0.914 

0,897 

0.879 

rf                670 

0.946 

a928 

0.911 

0.893 

1                680 

0.960 

0.942 

0.924 

0.906 

f                690 

a975 

0.956 

0.938 

0.920 

1                700 

0.989 

a970 

0.952 

0.933 

1                705 

a996 

0.977 

0.958 

0.940 

S                710 

1.003 

a984 

0.965 

0.947 

5                715 

1.010 

0.991 

0.972 

0.953 

e                720 
3                725 

1.017 

0.998 

0.979 

0.960 

1.024 

1.004 

0.985 

0.967 

I                730 

1.031 

1.011 

0.992 

0.973 

C                735 

1.038 

1.018 

0.999 

0.980 

ft                740 

1UM5 

1.025 

1.006 

0.987 

1                745 

1.052 

1.032 

1.013 

0.994 

1                750 

1.059 

1.039 

1.020 

1.000 

J                755 

1.067 

1.046 

1.027 

1.007 

O                760 
^                765 

1.074 

1.053 

1.034     • 

1.014 

IMl 

1.060 

L040 

1.020 

770 

1.088 

1.067 

1.047 

1.027 

775 

1.095 

1.074 

1.054 

1.034 

780 

1.102 

1.081 

1.061 

1.041 
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TABLE  26. — Density  Qn  grains  per  millfltter)  of  Water  at  Temperatures  from 

0°tol02*'C' 


STd 

DMttty 

Temp.. 
Det.C 

Density 

Temp.. 
Deg.C 

DMttty 

0 

0.99987 

35 

0.99406 

70 

0.97781 

1 

•  .99993 

36 

.99371 

71 

.97723 

2 

.99997 

37 

.99336 

72 

.97666 

3 

ooooo 

38 

.99290 

73 

.97607 

4 

1.00000 

39 

.99262 

74 

.97548 

5 

.99999 

40 

.99224 

75 

.97489 

6 

.99997 

41 

.99186 

76 

.97428 

7 

.99993 

42 

.99147 

77 

.97368 

8 

.99988 

43 

.99107 

78 

.97307 

9 

.99981 

44 

.99066 

79 

.97245 

10 

.99973 

45 

.99024 

80 

.97183 

11 

.99963 

46 

.98982 

81 

.97120 

12 

.99952 

47 

.98940 

82 

.97057 

13 

.99940 

48 

.98896 

83 

.96994 

14 

.99927 

49 

.98852 

84 

.96930 

15 

.99913 

50 

.98807 

85 

.96865 

16 

.99897 

51 

.98762 

86 

.96800 

17 

.99880 

52 

.98715 

87 

.96734 

18 

.99862 

53 

.98669 

88 

.96668 

19 

.99843 

54 

.98621 

89 

.96601 

20 

.99823 

55 

.98573 

90 

.96534 

21 

.99802 

56 

.98524 

91 

.96467 

22 

.99780 

57 

.98478 

92 

.96399 

23 

.99756 

58 

.98425 

93 

.96330 

24 

.99732 

59 

.98375 

94 

.96261 

25 

.99707 

60 

.98324 

95 

.96192 

26 

.99681 

61 

.98272 

96 

.96122 

27 

.99654 

62 

.98220 

97 

.96051 

28 

.99626 

63 

.98167 

98 

.95981 

29 

.99597 

64 

.98113 

99 

.95909 

30 

.99567 

65 

.98059 

100 

.95838 

31 

.99537 

66 

.98005 

101 

.95765 

32 

.99505 

67 

.97950 

102 

.95693 

33 

.99473 

68 

.97894 

34 

.99440 

69 

.97838 

35 

.99406 

70 

.97781 

'  AocordJng  to  M.  Thiesen.  WUa,  Abh.  der  Phytikaliscb-Technisdien  Rdcfasenstah,  4,  No.  x;  1904- 
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(Under  ateadard  pratsnra 


(76  cm),  at  etwy  tenth  put  of  a  dofraa  of  tho  International  hTdrogen  icale  from  0*  to  41*  C, 
In  grams  per  mUUllter  I 


De- 

Tenths  of  Degrees 

Mean 
Dlfler- 

oade 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

encea 

0.999  8681 

8747 

8812 

8875 

8936 

8996 

9053 

9109 

9163 

9216 

+  59 

9267 

9315 

9363 

9408 

9452 

9494 

9534 

9573 

9610 

9645 

+  41 

9679 

9711 

9741 

9769 

9796 

9821 

9844 

9866 

9887 

9905 

+  24 

9922 

9937 

9951 

9962 

9973 

9981 

9988 

9994 

9998 

•WOO 

+  8 

1.000  0000 

•9999 

♦9996 

•9992 

•9986 

•9979 

•9970 

•9960 

•9947 

•9934 

-  8 

0.999  9919 

9902 

9884 

9864 

9842 

9819 

9795 

9769 

9742 

9713 

-  24 

9682 

9650 

9617 

9582 

9545 

9507 

9468 

9427 

9385 

9341 

-  39 

9296 

9249 

9201 

9151 

9100 

9048 

8994 

8938 

8881 

8823 

-  S3 

8764 

8703 

8641 

8577 

8512 

8445 

8377 

8308 

8237 

8165 

-67 

8091 

8017 

7940 

7863 

7784 

7704 

7622 

7539 

7455 

7369 

-  81 

7282 

7194 

7105 

7014 

6921 

6826 

6729 

6632 

6533 

6432 

-  95 

6331 

6228 

6124 

6020 

5913 

5805 

5696 

5586 

5474 

5362 

-108 

5248 

5132 

5016 

4898 

4780 

4660 

4538 

4415 

4291 

4166 

-121 

4040 

3912 

3784 

3654 

3523 

3391 

3257 

3122 

2986 

2850 

-133 

2712 

2572 

2431 

2289 

2147 

2003 

1858 

1711 

1564 

1416 

-145 

1266 

1114 

0962 

0809 

0655 

0499 

0343 

0185 

0026 

•9865 

-156 

0.998  9705 

9542 

9378 

9214 

9048 

8881 

8713 

8544 

8373 

8202 

-168 

8029 

7856 

7681 

7505 

7328 

7150 

6971 

6791 

6610 

6427 

-178 

18 

6244 

6058 

5873 

5686 

5498 

5309 

5119 

4927 

4735 

4541 

-190 

19 

4347 

4152 

3955 

3757 

3558 

3358 

3158 

2955 

2752 

2549 

-200 

ao 

2343 

2137 

1930 

1722 

1511 

1301 

1090 

0878 

0663 

0449 

-211 

21 

0233 

0016 

<9799 

•9580 

•9359 

•9139 

•8917 

•8694 

•8470 

•8245 

-221 

22 

0.997  8019 

7792 

7564 

7335 

7104 

6873 

6641 

6408 

6173 

5938 

-232 

23 

5702 

5466  - 

5227 

4988 

4747 

4506 

4264 

4021 

3777 

3531 

-242 

24 

3286 

3039 

2790 

2541 

2291 

2040 

1788 

1535 

1280 

1026 

-252 

2S 

0770 

0513 

0255 

•9997 

•9736 

•9476 

•9214 

•8951 

•8688 

•8423 

-261 

26 

0.996  8158 

7892 

7624 

7356 

7087 

6817 

6545 

6273 

6000 

5726 

-271 

27 

5451 

5176 

4898 

4620 

4342 

4062 

3782 

3500 

3218 

2935 

-280 

28 

2652 

2366 

2080 

1793 

1505 

1217 

0928 

0637 

0346 

0053 

-289 

29 

0.995  9761 

9466 

9171 

8876 

8579 

8282 

7983 

7684 

7383 

7083 

-298 

30 

6780 

6478 

6174 

5869 

5564 

5258 

4950 

4642 

4334 

4024 

-307 

31 

3714 

3401 

3089 

2776 

2462 

2147 

1832 

1515 

1198 

0680 

-315 

32 

0561 

0241 

•9920 

•9599 

•9276 

•8954 

•8630 

•8304 

•7979 

♦7653 

-324 

33 

0.994  7325 

6997 

6668 

6338 

6007 

5676 

5345 

5011 

4678 

4343 

-332 

34 

4007 

3671 

3335 

2997 

2659 

2318 

1978 

1638 

1296 

0953 

-340 

3S 

0610 

0267 

•9922 

•9576 

•9230 

•6883 

•8534 

•8186 

•7837 

♦7486 

-347 

36 

0993  7136 

6784 

6432 

6078 

5725 

5369 

5014 

4658 

4301 

3943 

-355 

37 

3585 

3226 

2866 

2505 

2144 

1782 

1419 

1055 

0691 

0326 

-362 

38 

0.992  9960 

9593 

9227 

8859 

8490 

8120 

7751 

7380 

7008 

6636 

-370 

39 

6263 

5890 

5516 

5140 

4765 

4389 

4011 

3634 

3255 

2876 

-377 

40 

a«7 

2116 

1734 

1352 

0971 

0587 

0203 

•9818 

•9433 

•9047 

-384 

41 

0.991  8661 

•According  to  P.  Chammis.  Bnreau  interaatioaal  des  Poids  et  Mesures.  Travanz  et  IMmolres.  XIII ;  1907. 
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TABLE  28.— Weight  of  1  Gallon  of  Water 


[Thte^teble  it  based  onjbe  water  doulUet  of  P^C^havpaia  (Bureau  Xatematlonaldea  Polda  et  Matures,  Travani  et 


M< 

4.  No.  1: 


Xm;  1907)  for  0*  to  40*  C.  and  of  M.  Thtoaen  (WIss.  Abh.  der  PhysikaUach-Tedmiacben  ReldiaanttaM. 
904)  for  41*  to  100*  C.    Tbe  welcbte  in  air  are  for  dry  air  at  the  aame  temperature  as  the  water  up  to  40* 
of  760  mm  and  agahist  brass  welchto  of  8.4  density  at  0*C.    Above  40*Cthe 
20*  C,  L  e.,  the  water  ia  aUowod  to  cool  to  20*  C  before  tbe  weigblncs  art 
oomputationa  are  baaed  on  the  relation  that  1  Itter*  1.000027  cubic  dedmetera  and  1  cubic 
decimeter- 61.023378  cubic  inchea.    The  weighto  correaponding  to  15|*  C  (60*  P)  and  16|*  C  (62*  F)  hare  been  InchKled 
ia  the  toble  becauae  of  the  frequent  use  of  theae  temperaturea  In  engineering  and  induatrial  work.] 


C  and  at  a  (corrected)  barometric  preaaure  of? 
temperature  of  the  air  It  aatumed  to  be  20* 
made.   The  volumetric  oomputationa  are  bai 


Weight  hi  Vacuo 

Weight  hi  Air 

Temperature, 

^C 

Oramt 

Pounds 

Grama 

Poimdt 

0 

3784.833 

8.34412 

3780. 520 

8.33461 

1 

5.055 

.34461 

0.758 

.33613 

2 

5.211 

.34495 

0.930 

.33551 

3 

5.303 

.34515 

1.037 

.33575 

4 

5.332 

.34522 

1.082 

.3358S 

5 

5.302 

.34515 

1.067 

.33582 

6 

5.212 

.34495 

0.992 

.33565 

7 

5.066 

.34463 

0.861 

.33536 

8 

4.864 

.34419 

0.675 

.33495 

9 

4.610 

.34363 

0.435 

.33442 

10 

4.303 

.34295 

0.144 

.33378 

11 

3.943 

.34216 

3779.798 

.33302 

12 

3.534 

.M125 

9.403 

.33215 

13 

3.076 

.34025 

8.960 

.33117 

14 

2.574 

.33914 

8.472 

.33009 

15     , 

2.026 

.33793 

7.939 

.32892 

(1H)60*F 

(3781.703) 
1.435 

(8.33722) 
.33663 

(3777.623) 
7.362 

(8.32823) 

(1«)62*F 

(3781.017) 

(8.33571) 

(3776.953) 

(8.32675) 

17 

0.801 

.33523 

6.741 

.32628 

18 

0.125 

.33374 

6.080 

.32482 

19 

3779.407 

.33216 

5.375 

.32327 

20 

8.649 

.33049 

4.630 

.32162 

21 

7.850 

.32872 

3.845 

.31969 

22 

7.012 

.32688 

3.021 

.31808 

23 

6.135 

.32494 

2.157 

.31617 

24 

5.220 

.32293 

1.256 

.31419 

25 

4.268 

.32083 

0.317 

.31212 

26 

3.279 

.31865 

3769.341 

.30996 

27 

2.254 

.31639 

8.329 

.30773 

28 

1.195 

.31405 

7.283 

.30543 

29 

0.100 

.31164 

6.201 

.30304 

30 

3768.972 

.30915 

5.006 

.30058 

31 

7.812 

.30659 

3.938 

.29805 

32 

6.618 

.30396 

2.757 

.29545 

33 

5.393 

.30126 

1.545 

.29278 

34 

4.137 

.29849 

0.301 

.29003 

35 

2.851 

.29566 

3759.027 

.28723 

36 

1.536 

.29276 

7.725 

.28436 

37 

0.192 

.28979 

6.393 

.28142 

38 

3758.820 

.28677 

5.033 

.27842 

39 

7.420 

.28368 

3.645 

.27536 

40 

5.995 

.28054 

2.2sa 

.27225 

41 

4.52 

.2773 

0.59 

.2685 

42 

3.04 

.2740 

3749.05 

.2652 

43 

1.53 

.2707 

7.54 

.2619 

44 

3749.98 

.2673 

5.99 

.2585 
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Weight  In  Vacuo 

Wditbtin  Air 

Ttmporahm* 

^ 

Onms 

Pounds 

Onons 

Pounds 

45 

3748.39 

8.2638 

3744.40 

8.25.S0 

46 

6.80 

.2603 

2.81 

.2515 

47 

5.21 

.2568 

1.23 

.2480 

48 

3.54 

.2531 

3739.56 

.2443 

49 

1.88 

.2494 

7.90 

.2407 

SO 

0.17 

.2457 

6.20 

.2369 

51 

3738.47 

.2419 

4.50 

.2332 

52 

6.69 

.2380 

2.72 

.2292 

S3 

4.95 

.2341 

0.98 

.2254 

54 

3.13 

.2301 

3729.16 

.2214 

55 

1.32 

.2261 

7.35 

.2174 

56 

3729.46 

.2220 

5.50 

.2133 

57 

7.72 

.2182 

3.76 

.2095 

58 

5.71 

.2138 

1.75 

.2051 

59 

3.82 

2096 

3719.86 

.2009 

60 

1.89 

.2054 

7.93 

.1966 

61 

3719.92 

.2010 

5.97 

.1923 

62 

7.95 

.1967 

4.00 

.1880 

63 

5.95 

.1923 

2.00 

.1835 

64 

3.90 

.1877 

3709.95 

.1790 

65 

1.86 

.1832 

7.91 

.1745 

66 

3709.82 

.1787 

5.87 

.1700 

67 

7.73 

.1741 

3.79 

.1655 

68 

5.61 

.1695 

1.67 

.1606 

69 

::.49 

.1648 

3699.56 

.1561 

70 

1.33 

.1600 

7.40 

.1514 

71 

3699.14 

.1552 

5.21 

.1465 

72 

6.98 

.1504 

3.05 

.1418 

73 

4.75 

.1455 

0.82 

.1369 

74 

2.52 

.1406 

3688.59 

.U19 

75 

0.28 

.1357 

6.36 

.1270 

76 

3687.97 

.1306 

4.05 

.1219 

77 

5.70 

.1256 

1.78 

.1169 

78 

3.39 

.1205 

3679.48 

.1119 

79 

1.05 

.1153 

7.13 

.1067 

80 

3678.70 

.1101 

4.79 

.1015 

81 

6.32 

.1049 

2.41 

.0963 

82 

3.93 

.0996 

ao2 

.0910 

83 

1.54 

.0944 

3667.64 

.0858 

84 

3669.12 

.0890 

5.22 

.0804 

85 

6.66 

.0836 

2.76 

.0750 

86 

4.20 

.0782 

0.31 

.0696 

87 

1.70 

.0727 

3657.81 

.0641 

88 

3659.21 

.0672 

5.31 

.0586 

89 

6.67 

.0616 

2.78 

.0530 

90 

4.13 

.0560 

0.25 

.0474 

91 

1.60 

.0504 

3647.71 

.0418 

92 

3649.02 

.0447 

5.14 

.0362 

93 

6.41 

.0390 

2.53 

.0304 

94 

3.80 

.0332 

3639.92 

.0247 

95 

1.19 

.0274 

7.82 

.0189 

96 

3638.54 

.0216 

4.67 

.0131 

97 

5.85 

.0157 

1.98 

.0072 

98 

3.20 

.0098 

3629.34 

.0013 

99 

0.47                                  .0038 

6.61 

7.9953 

100 

3627.79                                 7.9979 

3.93 

.9894 
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TABLE  29.— Weight  of  1  Cubic  Foot  of  Water 


(Thli  table  is  bated  on  the  water  denaStiea  of  P. 
Mftmolrea,  ZUI;  1907)  tor  0*  to  40*  C,and  of  M. 


Chappttia  Korean  International  dea  Poida  at  Meaoraa,  Trafaoz  at 
.  Thleaen  ( wla.  Abh.  der  Ptiy iiraHf  ti  .Tay»fwitoi»ti*w  Rtidiaanatatt,  4, 
No.  1:  1904)  tor  41*  to  100*  C.  The  weighta  In  air  are  tor  dry  air  at  the  aametemperature  aa  the  water  op  to  40*  C  and 
at  a  (corrected)  barometric  preaanre  of  760  mm  and  againat  tmraa  weighta  of  8.4  denairr  at  0*  C.  AImto  40*  C  the 
temperature  of  the  air  la  aaaomed  to  be  20*  C,  i.  e.,  the  water  la  allowed  to  cool  to  20*  C  before  the  weighlnga  are  made. 
The  vfdnmetric  compntatlotta  are  tMwed  on  the  relation  that  1  liter— 1.000027  cubic  dedmetero  and  1  cubic  doflmetfrr^ 
61.023378  cubic  inchea.  The  weighta  correapondfaig  to  15|*  C  (60*  F)  and  16}*  C  (62*  F)  have  been  Inchided  In  the 
table  becauae  of  the  frequent  uae  of  theae  temperaturea  in  engineering  and  induatxial  work.) 


Weight  fai  Vacuo 

WelithtlnAir 

TenmeraturOt 

""^c 

Orama 

Pounda 

Orama 

Poonda 

0 

28312. 517 

62.4183 

28280.254 

62.3472 

1 

14.178 

.4220 

82.033 

.3511 

2 

15.345 

.4246 

83.321 

.3540 

3 

16.033 

.4261 

84.121 

.3557 

4 

16.250 

.4266 

84.458 

.3565 

5 

16.025 

.4261           / 

84.345 

.3562 

6 

15.352 

.4246 

83.784 

.3550 

7 

14.260 

.4222 

82.804 

.3528 

8 

12.749 

.4189 

81.413 

.3498 

9 

10.849 

.4147 

79.618 

.3458 

10 

08.552 

.4096 

77.441 

.3410 

11 

05.859 

.4037 

74.853 

.3353 

12 

02.800 

.3969 

71.898 

.3288 

13 

28299.374 

.3894 

68.584 

.3215 

14 

95.619 

.3811 

64.933 

.3134 

15 

91.519 

.3720 

60.946 

.3046 

(151)  60*  F 

(28289. 103) 

(62.3667) 

(28258.58) 

(62.2994) 

16 

87.098 

.3623 

56.630 

.2951 

(161)  62*  F 

(28283.971) 

(62.3554) 

(28253.57) 

(62.2884) 

17 

82.356 

.3518 

51.985 

.2849 

18 

77.299 

.3407 

47.040 

.2740 

19 

71.928 

.3289 

41.766 

.2624 

20 

66.258 

.3164 

36.193 

.2501 

21 

60.281 

.3032 

30.321 

.2371 

22 

54.012 

.2894 

24.157 

.2235 

23 

47.452 

.2749 

17.694 

.2093 

24 

40.607 

.2598 

10.954 

.1944 

25 

33.485 

.2441 

03.930 

.1789 

26 

26.087 

.2278 

28196.629 

.1629 

27 

ia420 

.2109 

89.059 

.1462 

28 

ia500 

.1934 

81.234 

.1289 

29 

02.307 

.1754 

73.140 

.1111 

30 

28193.869 

.1568 

64.799 

.0927 

31 

81191 

.1376 

S6c212 

.0737 

32 

76.259 

.1179 

47.377 

.0543 

33 

67.096 

.0977 

38.311 

.0343 

34 

57.700 

.0770 

29.005 

.0138 

35 

48.080 

.0558 

19.475 

61.9926 

36 

38.243 

.0341 

09.735 

.9713 

37 

28.190 

.0120 

28099.771 

.9493 

38 

17.926 

6L9893 

89.596 

.9269 

39 

07.454 

.9663 

79.215 

.9040 

40 

28096.794 

.9428 

68.645 

.8807 

41 

8176 

.918 

5190 

.853 

42 

74.71 

.894 

44.86 

.828 

43 

63.39 

.869 

33.55 

.80S 

44 

51.78 

.844 

21.94 

.778 
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Weight  in  Vftcuo 

Weighlin  Air 

Tcfliporitimt 

•c 

Onunt 

Potmds 

Grunt 

Pounds 

45 

28039.88 

61.817 

28010.06 

61.752 

46 

28.00 

.791 

27996.19 

.725 

47 

16.10 

.765 

86.31 

.699 

48 

0164 

.737 

73.86 

.672 

49 

27991.18 

.710 

61.42 

.644 

SO 

78.44 

.682 

48.69 

.616 

51 

65.70 

.654 

35.96 

.588 

52 

52.39 

.624 

22.67 

.559 

53 

39.37 

.596 

09.65 

.530 

54 

25.77 

.566 

27896.08 

.500 

55 

12.18 

.536 

82.50 

.470 

56 

27898.31 

.505 

68.64 

.440 

57 

85.28 

.476 

55.63 

.411 

58 

70.27 

.443 

40.63 

.378 

59 

56.12 

.412 

26.49 

.347 

60 

41.67 

.380 

12.06 

.315 

61 

26.95 

.348 

27797.36 

.283 

62 

12.22 

.315 

82.65 

.250 

63 

27797.21 

.282 

67.66 

.217 

64 

81.92 

.249 

52.38 

.184 

65 

66.63 

.215 

37.11 

.150 

66 

51.34 

.181 

21.83 

.116 

67 

35.77 

.147 

06.27 

.082 

68 

19.91 

.112 

27690.44 

.047 

69 

04.05 

.077 

74.59 

.012 

70 

27687.92   . 

.041 

58.47 

6a  976 

71 

71.49 

.005 

42.07 

.940 

72 

55.35 

6a  970 

25.95 

.905 

73 

38.64 

.933 

09.25 

.868 

74 

21.94 

.896 

27592.57 

.831 

75 

05.23 

.859 

75.88 

.794 

76 

27587.96 

.821 

58.62 

.756 

77 

70.97 

.784 

41.65 

.719 

78 

53.69 

.745 

24.39 

.681 

79 

36.14 

.707 

06.86 

.642 

80 

18.58 

.668 

27489.32 

.604 

81 

00.75 

.629 

71.50 

.564 

82 

27482.90 

.589 

53.68 

.525 

S3 

65.06 

.550 

35.86 

.486 

84 

46.95 

.510 

17.76 

.446 

85 

28.54 

.470 

27399.37 

.405 

86 

iai3 

.429 

80.99 

.365 

87 

27391.44 

.388 

62.31 

.324 

88 

72.75 

.347 

43.65 

.282 

89 

53.78 

.305 

24.70 

.241 

90 

34.81 

.263 

05.74 

.199 

91 

15.84 

.221 

27286.80 

.157 

92 

27296w58 

.179 

67.56 

.115 

93 

77.05 

.136 

48.05 

.072 

94 

57.51 

.093 

28.52 

.029 

95 

37.97 

.049 

09.01 

59.986 

96 

18.15 

.006 

27189.20 

.942 

97 

27198.05 

59.961 

69.13 

.898 

93 

78.22 

.918 

49.33 

.854 

99 

57.83 

.873 

28.96 

.809 

100 

37. 7J 

.828 

08.87 

.765 
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Circular  of  the  Bureau  of  Standards 
TABLE  30.— Apparent  Weight  (in  grams)  of  Water  in  Air 


[Thli  table  givM  the  merent  weight,  tor  tempenturet  between  IS*  and  30*  C,  hnmidlty  SO  per  eent,  anredaoed  bsrameler 
readlnc  76  cm  of  cenain  volomea  ol  water  weighed  with  braaa  weights.  This  table  ia  baaed  on  the  data  given  in  Tables 
25  and  27,  and  may  be  conveniently  employed  to  determine  definite  volnmea  of  water  tor  calibratinf  tnatnunenta.  Tim 
table  aaanmet  the  air  to  be  at  the  same  temperature  aa  the  water] 


Xemp*  In 
Degrees  C 

2000  nU 

1000  nU 

500  ml 

400  nU 

300  ml 

250  nU 

150  ml 

15 

1996.11 

998.05 

499.03 

399.22 

299.42 

249.51 

149.71 

16 

1995.80 

997.90 

498.95 

399.16 

299.37 

249.48 

149.68 

17 

1995.48 

997.74 

498.87 

399.10 

299.32 

249.43 

149.66 

18 

1995.13 

997.56 

498.78 

399.03 

299.27 

249.39 

149.63 

19 

1994.76 

997.38 

498.69 

398.95 

299JS1 

248.34 

149.61 

20 

1994.36 

997.18 

498.59 

398.87 

299.15 

249.30 

149.58 

21 

1993.95 

996.97 

498.49 

398.79 

299.09 

249.24 

149.55 

22 

1993.51 

996.76 

498.38 

398.70 

299.03 

249.19 

149.51 

23 

1993.06 

996.53 

498.26 

398.61 

298.96 

249.13 

149.48 

24 

1992.58 

996.29 

498.15 

398.52 

298.89 

249.07 

149.44 

25 

1992.09 

996.04 

498.02 

398.42 

298.81 

249.01 

149.41 

26 

1991.57 

995.79 

497.89 

398.31 

298.74 

248.95 

14937 

27 

1991.04 

995.52 

497.76 

398JS1 

298.66 

248.88 

14933 

28 

1990.49 

995.24 

497.62 

398.10 

298.57 

248.81 

149.29 

29 

1989.92 

994.96 

497.48 

397.98 

298.49 

248.74 

149.24 

30 

1989.33 

994.66 

49733 

397.87 

298.40 

248.67 

149.20 

TABLE  31. — ^Temperature  Correction  for  Glass  Volumetric  Apparatus 

(This  toble  gives  the  correction  to  be  added  to  actual  capacity  (determined  at  certain  tenweratnrea)  to  give  the  capM 

standard  temperature,  20*  C.  Conversely,  by  subtracting  the  corrections  trom  the  indicated  capacity  of  an  inatrnment 
standard  at  20*  C  the  correaponding  capacity  at  other  temperatures  is  obtained.  The  table  aasumes  for  the  cubical 
coefficient  ol  ezpanaion  of  glaaa  0.000025  per  degree  centigrade.  The  coeffldento  of  espanston  of  ' 
volumetric  Inatmmente  vary  from  0.000023  to  OUX)0028] 


Temp,  in 
Degrees  C 

2000  ml 

1000  ml 

500  nU 

400  ml 

300  ml 

250  ml 

15 

+0.25 

+0.12 

+0.06 

+0.05 

+0.04 

+0.031 

16 

+  .20 

+  .10 

+  .05 

+  .04 

+  .03 

+  .025 

17 

.+  .15 

+  .08 

+  .04 

+  .03 

+  .02 

+  .019 

18 

+  .10 

+  .05 

+  .02 

+  .02 

+  .02 

+  .012 

19 

+  .05 

+  .02 

+  .01 

+  .01 

+  .01. 

+  .006 

21 

-0.05 

-0.02 

-0.01 

-0.01 

-0.01 

-0.006 

22 

-  .10 

-  .05 

-  .02 

-  .02 

-  .02 

-  .012 

23 

-  .15 

-  .08 

-  .04 

-  .03 

-  .02 

-  .019 

24 

-  .20 

-  .10 

-  .05 

-  .04 

-  .03 

-  .025 

25 

-  -25 

-  .12 

-  .06 

-  .05 

-  .04 

-  .031 

26 

-0.30 

-0.15 

-0.08 

-0.06 

-0.04 

-0.038 

27 

-  35 

-  .18 

-  .09 

-  .07 

-  .05 

-  .044 

28 

-  .40 

-  .20 

-  .10 

-  .08 

-  .06 

-  .050 

29 

-  .45 

-  .22 

-  .11 

-  .09 

-  Sf! 

-  .056 

30 

-  .50 

-  .25 

-  .12 

-  .10 

-  .08 

-  .062 
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TABLE  32.— Apparent  Weight  (in  Grams)  of  Water  in  Air 

rnils  tibte  glvM  fht  ■iifnt  welgfat  of  certain  vofaunM  of  water  weighed  agaliiat  biass  welghta  In  air,  homldlty  50  per 
emtt,  heiameter  reading  76  cm  (anredaced),  weighings  being  made  at  20*  C,  the  water  and  air  being  at  the  same 
temperature.  It  dlilen  tram  Table  30  on]^  In  Its  greiter  temperature  range  and  In  the  tact  that  the  wawr  is  allowed 
to  come  to  a  temperature  of  20*  C  before  the  wrighlngs  are  made.  The  welgiiings  may  be  made  at  any  temperature 
l>etween  18*  and  22*  wUhout  Introdudng  ernes  greater  than  1  mg  per  100  cc] 


Temp. 
greeaC 

2000  ml 

1000  ml 

500  nU 

400  ml 

300  ml 

250  ml 

150  ml 

15 
16 
17 
18 
19 

1996.14 
1995.83 
1995.50 
1995. 14 
1994.76 

998.07 
997.92 
997.75 
997.57 
997.38 

499.04 
498.96 
49a  87 
498.79 
49a  69 

399.23 
399.17 
399.10 
399.03 
398.95 

299.42 
299.38 
299.32 
299.27 
299.21 

249.52 
249.48 
249.44 
249.39 
249.35 

149.71 
149.69 
149.66 
149.64 
149.61 

20 
21 
22 
23 
24 

1994.36 
1993.94 
1993.50 
1993.04 
1992.55 

997.18 
996.97 
996.75 
996.52 
996.28 

498.59 
498.49 
49a  37 
498.26 
49a  14 

398.87 
39a  79 
398.70 
398.61 
39a  51 

299.15 
299.09 
299.02 
29a  96 
29a  88 

249.30 
249.24 
249.19 
249.13 
249.07 

149.58 
149.55 
149.51 
149.48 
149.44 

25 
26 
27 
28 
29 

1992.05 
1991.53 
1990.99 
1990.43 
1989.85 

996.03 
995.76 
995.49 
995.21 
994.93 

498.01 
497.88 
497.75 
497.61 
497.46 

39a  41 
39a  31 
39a  20 
398.09 
397.97 

298.81 
298.73 
298.65 
298.56 
298.48 

249.01 
248.94 
248.87 
248.80 
24a  73 

149.40 
149.36 
149.32 
149.28 
149.24 

30 

1989.26 

994.63 

497.31 

397.85 

29a  39 

248.66 

149.19 

35 

1986.02 

993.01 

496.51 

397.20 

297.90 

248.25 

148.95 

40 

1962.41 

991.20 

495.60 

396.48 

297.36 

247.80 

148.68 

45 

1978.4 

989.2 

494.6 

395.7 

296.8 

247.3 

148.4 

50 

1974.1 

987.0 

493.5 

394.8 

296.1 

246.8 

148.1 

55 

1969.4 

984.7 

492.3 

393.9 

295.4 

246.2 

147.7 

60 

1964.4 

982.2 

491.1 

392.9 

294.7 

245.6 

147.3 

65 

1959.1 

979.6 

489.8 

391.8 

293.9 

244.9 

146.9 

70 

1953.6 

976.8 

48a4 

390.7 

293.0 

244.2 

146.5 

75 

1947.7 

973.9 

486.9 

389.5 

292.2 

243.5 

146.1 

80 

1941.6 

970.8 

485.4 

38a3 

291.2 

242.7 

145.6 

85 

1935.3 

967.6 

483.8 

387.1 

290.3 

241.9 

145.1 

90 

1928.6 

964.3 

482.2 

385.7 

289.3 

241.1 

144.6 

95 

1921.8 

960.9 

480.5 

384.4 

288.3 

240.2 

144.1 

100 

1914.7 

957.4 

47a  7 

382.9 

287.2 

239.3 

143.6 
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TABLE  33. — Temperature  Correction  for  Volumetric  Solutions 

rrhit  table  fivM  the  eorrectlea  to  wtoos  ebeerfed  iirtaiiiee  el  water,  mearared  at  the  deaigaated  tempefatnrea,  to  flfa  fbm 
folome  at  the  atandard  tempefature,  20*  C.    Confefaely,  bf  anbtractiiig  the  correctioiia  Iroiii  the  fotame  deaired  at 
20*  C  the  folome  that  muat  t>e  meaaured  oat  at  the  deaignated  tempetaturea  in  order  to  five  the  deaired  volume  at 
'" It  ia  ■aeiimed  tliat  the  Telnmea  are  meaaoredin  glaaa  apparatua  liaiint  a  coeflkient  of  cubical 


20*  C,  will  be  obtained. 

eipuMlon  of  0.000025  per  degree  centigrade. 

coefficient  of  expanaion  aa  water] 


The  table  ia  applicable  to  dfluto  aqueooa  aoiotiona  having  the  i 


Capacitjr  of  apparatua  in  milllUtera  at  20*  C 

Temp.ol 

meaanre- 

2000 

1000 

500 

400 

300 

250 

150 

ment,*C 

Correctioii  in  milllUtera  to  give  volome  of  water  at  20*  C 

15 

+1.54 

+0.77 

+0.38 

+0.31 

+0.23 

+0.19 

+0.12 

16 

+1.28 

+0.64 

+0.32 

+0.26 

+0.19 

+0.16 

+0.10 

17 

+0.99 

+0.50 

+0.25 

+0.20 

+0.15 

+0.12 

+o.(«r 

18 

+0.68 

+0.34 

+0.17 

+0.14 

+0.10 

+0.08 

+0.05 

19 

+0^5 

+0.18 

+0.09 

+0.07 

+0.05 

+0.04 

+0.03 

21 

-0.37 

-0.18 

-0.09 

-0.07 

-0.06 

-0.05 

-0.03 

22 

-0.77 

-0.38 

-0.19 

-0.15 

-0.12 

-0.10 

-0.06 

23 

-1.18 

-0.59 

-0.30 

-0.24 

-0.18 

-0.15 

-0.09 

24 

-1.61 

-0.81 

-0.40 

-0.32 

-0.24 

-0.20 

-0.12 

25 

-2.(«r 

-1.03 

-0.52 

-0.41 

-0.31 

-0.26 

-0.15 

26 

-2.54 

-1.27 

-0.64 

-0.51 

-0.38 

-0.32 

-0.19 

27 

-3.03 

-1.52 

-0.76 

-0.61 

-0.46 

-0.38 

-0.23 

28 

-3.55 

-1.77 

-a89 

-0.71 

-0.53 

-0.44 

-0.27 

29 

-4.08 

-2.04 

-1.02 

-0.82 

-0.61 

-0.51 

-0.31 

30 

-4.62 

-2.31 

-1.16 

-0.92 

-a69 

-0.58 

-0.35 

In  using  the  above  table  to  correct  the  volume  of  certain  standard  solu- 
tions to  2o®  C  more  accurate  results  will  be  obtained  if  the  numerical  values 
of  the  corrections  are  increased  by  the  percentages  given  below: 


Soltttiflii 

Normality 

N 

W/2 

NAO 

HNOi 

SO 

25 

25 
25 

20 

6 
5 
5 

4 

HsSOi 

45 
40 
40 

NaOH 

ItOH 

Digitized  by 


Google 


Standard  Density  and  Volumetric  Tables 


51 


The  weight  of  a  body  in  vacuo  is  determined  by  adding  to  its  apparent 
weight  in  air  a  buoyancy  correction  equal  to  the  weight  of  the  air  displaced 
by  the  difference  in  volume  of  the  body  weighed  and  the  weights  required 
to  balance  it  on  an  equal  arm  balance. 


/lOOO 


Af=» weight  in  vacuo;  PV^  =  apparent  weight  in  air;  p  =  density  of  air; 
di  =  density  of  body;  ^2  =  density  of  weights. 

The  following  table  has  been  computed  for  p  =  0.00 1 2 : 

TABLE  34.— Reduction  of  Weighings  to  Vacuo 


Correcdon  Factor 

.k 

Cocrectioo  Factor,  k 

Density 

Density 
of  Body 

if  Body 

I 

Welfhod. 
f/cm* 

Pt.  It. 
Welfhti 

Bnaa 
Welfhti 

QtMxtzor    1 

ALWts.     I 

Weighed, 
f/cm* 

Pt  Ir. 
Welfhts 

Brass 
Welfhts 

Quartz  or 

Al.  WIS. 

d-21.5g/cm> 

8.4 

2.65         1 

d-21.5c/cm> 

8.4 

2.65 

0.5 

+2.35 

+2.26 

+1.95 

5.0 

+0.18 

+aio 

-0.21 

.6 

-fl.95 

+1.86 

+L55 

6.0 

+  .15 

+  .06 

-  .25 

.7 

+  1.66 

+  1.57 

+1.26 

7.0 

+  .12 

+  .03 

-  .28 

^ 

+1.45 

+  1.36 

+1.05 

8.0 

+  .10 

+  .01 

-  .30 

.9 

+L28 

+1.19 

+  .88 

9.0 

+  .08 

-  .01 

-  .32 

1.0 

+1.14 

+1.06 

+  .75 

10.0 

+  .06 

-  .02 

-  .33 

1.1 

+1.04 

+  .95 

+  .64 

11.0 

+  .05 

-  .03 

-  .34 

1.2 

+  .94 

+  .86 

+  .55 

12.0 

+  .04 

-  .04 

-  .35 

1.3 

+  .S7 

+  .78 

+  .47 

13.0 

+  .04 

-  .05 

-  .36 

1.4 

+  .80 

+  .72 

+  .40 

14.0 

+  M 

-  .06 

-  .37 

1.5 

+  .74 

+  .66 

+  .35 

15.0 

+  .02 

-  .06 

-  .37 

1.6 

+  .69 

+  .61 

+  .30 

16.0 

+  .02 

-  .07 

-  .38 

1.7 

+  .65 

+  .56 

+  .25 

17.0 

+  .01 

-  .07 

-  .38 

1.8 

+  .61 

+  .52 

+  .21 

18.0 

+  .01 

-  .08 

-  .39 

1.9 

+  .58 

+  .49 

+  .18 

19.0 

+  .01 

-  .08 

-  .39 

2J) 

+  .54 

+  .46 

+  .15 

20.0 

.00 

-  M 

-  .39 

2.5 

+  .42 

+  .34 

+  .03 

21.0 

.00 

-  .09 

-  .40 

3.0 

+  .34 

+  .26 

-  .05 

22.0 

.00 

-  .09 

-  .40 

3.5 

+  .29 

+  .20 

-  .11 

23.0 

.00 

-  .09 

-  .40 

4.0 

+  .24 

+  .16 

-  .15 

24.0 

-  .01 

-  .09 

-  .40 
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TABLES  OF  CORRECTIONS  FOR  DETERMINING  THE  TRUE  CAPAQTIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR 


Tables  35  to  47  are  intended  for  the  calculation  of  capacities  of^lass 
vessels  of  common  sizes  from  the  weight  (in  air)  of  the  water  contained  or 
delivered.  They  give  for  each  nominal  capacity  and  observed  temperature 
the  amoimts  to  be  added  to  the  apparent  weight  (in  air  against  brass  weights) 
of  the  water  contained  in  or  delivered  by  a  glass  vessel  to  give  the  capacity 
in  milliliters  at  20*^  C.  They  are  calculated  on  the  following  data  assumed 
as  approximating  ordinary  conditions: 

Observed  barometric  pressure 76  cm 

Relative  humidity 50  per  cent 

Coefficient  of  expansion  of  glass 0.000025  per  deg.  C 

EXAMPLE  OF  USE  OF  TABLE. 

Determination  of  capacity  of  glass  measuring  flask  marked  "  To  contain 
250  ml  at  20°  C." 

Apparent  weight  of  water  at  the  observed  temperature  22?3  C 249.i98g 

From  Table  35,  correction 0.813 

Actual  capacity  at  20° 250.01 1  ml 

TABLE  35.— Indicated  Capacity  250  ml 

[Amooiiti  to  be  added  to  opparexit  weight  of  water  in  srama  to  obtain  actual  capacity  in  mlllillten  ai  20*  C] 


Tentbs  of  Degrees 

Temp,  in 

Deg.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.518 

0.521 

0.524 

0.528 

0530 

0.534 

0.537 

0.540 

0.543 

0346 

16 

.550 

.554 

.556 

.560 

.563 

.567 

.570 

.574 

jsn 

.581 

17 

.584 

.588 

J92 

J96 

.599 

.603 

.606 

.610 

.614 

.618 

18 

.622 

.626 

.630 

.633 

.638 

.642 

.646 

.649 

.654 

.658 

19 

.662 

.666 

.670 

.674 

.679 

.683 

.687 

.692 

.696 

.700 

20 

.705 

.709 

.714 

.718 

.722 

.727 

.732 

.736 

.741 

.746 

21 

.750 

.754 

.760 

.764 

.769 

.774 

.778 

.784 

.788 

.793 

22 

.798 

MA 

.808 

.813 

.818 

.824 

.828 

.834 

.839 

.844 

23 

.849 

.854 

.860 

.865 

.870 

.875 

.881 

.886 

.802 

.897 

24 

.902 

.906 

.913 

.919 

.924 

.930 

.936 

.941 

.947 

.952 

25 

.958 

.964 

.969 

.975 

.981 

.986 

.993 

.996 

1.004 

LOlO 

26 

1.016 

1.022 

1.028 

1.034 

1.040 

1.046 

1.052 

1.058 

L064 

um 

27 

1.076 

1.082 

1.069 

1.095 

1.101 

1.108 

.1.114 

1.120 

1.126 

1.132 

28 

1.139 

1.146 

1.152 

1.158 

1.165 

1.172 

1.178 

1.184 

1.191 

L19e 

29 

1.204 

1.211 

1.218 
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TABLES  OF  CORRECTIONS  FOR  DETERMUnNO  THE  TRUE  CAPACITIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR— Continued 

[AbmoiiIi  to  be  added  to  apporeiil  weight  ol  water  in  grama  to  obtain  actual  capacity  In  mnUUteifl  at  20*  C 

TABLE  36.— Indicated  Capacity  200  ml 


Tentba  ol  Degreee 

Temp,  in 

5S.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.414 

0.417 

•  0.419 

0.422 

0.424 

0.427 

0.430 

0.432 

0.435 

0.437 

16 

.440 

.443 

.445 

.448 

.451 

.454 

.456 

.459 

.462 

.465 

17 

.468 

.470 

.473 

.477 

.479 

.482 

.485 

.488 

.491 

.494 

18 

.497 

.501 

.504 

.507 

.510 

.513 

.516 

.519 

.523 

.526 

19 

.529 

.533 

.536 

.540 

.543 

.546 

.550 

.553 

.557 

.560 

20 

.564 

.567 

.571 

.574 

.578 

.582 

.585 

.589 

.593 

.596 

21 

.600 

.604 

.606 

.612 

.615 

.619 

.623 

.627 

.631 

.635 

22 

.639 

.643 

.647 

.650 

.655 

.659 

.663 

.667 

.671 

.675 

23 

.679 

.683 

.688 

.692 

.696 

.700 

.705 

.709 

.713 

.717 

24 

.722 

.726 

.731 

.735 

.739 

.744 

.748 

.753 

.757 

.762 

25 

.766 

.771 

.775 

.780 

.785 

.789 

.794 

.799 

.803 

.806 

26 

.813 

.818 

.822 

.827 

.832 

.837 

.842 

.846 

.851 

.856 

27 

.861 

.866 

.871 

.876 

.881 

.886 

.891 

.896 

.901 

.906 

28 

.911 

.917 

.922 

.927 

.932 

.937 

.942 

.947 

.953 

.958 

29 

.963 

.969 

.974 

TABLE  37.— Indicated  Capacity  ISO  ml 


15 

0.311 

0.313 

0.314 

0.316 

0.318 

0.320 

0.322 

0.324 

0.326 

0328 

16 

330 

.332 

.334 

.336 

.338 

.340 

.342 

.344 

.346 

349 

17 

.351 

.353 

.355 

.357 

.359 

J62 

.364 

.366 

.368 

371 

18 

.373 

.375 

.378 

J80 

.383 

J3SS 

.387 

.390 

392 

395 

19 

.397 

.400 

.402 

.405 

.408 

.410 

.412 

.415 

.418 

.420 

20 

.423 

.425 

.428 

.431 

.433 

.436 

.439 

.442 

.445 

.448 

21 

.450 

.453 

.456 

.459 

.461 

.464 

.467 

.470 

.473 

.476 

22 

.479 

.483 

.485 

.488 

.491 

.494 

.497 

.500 

303 

306 

23 

.509 

.512 

.516 

.519 

.522 

.525 

.529 

.532. 

.535 

338 

34 

.541 

.545 

.548 

.     .551 

.554 

.558 

.562 

.565 

368 

371 

25 

.575 

.578 

.581 

.585 

.588 

.592 

.596 

J99 

302 

306 

26 

.610 

.613 

.617 

.620 

.624 

.628 

.631 

.635 

.638 

342 

27 

.645 

.649 

.653 

.657 

.661 

.664 

.668 

.672 

.676 

380 

28 

.684 

.688 

.691 

.695 

.699 

.703 

.707 

.711 

.715 

.719 

29 

.722 

.726 

.730 

TABLE  38. — Indicated  Capacity  100  ml 


u 

0J07 

0306 

0310 

0311 

0312 

0313 

0.215 

0316 

0317 

0319 

16 

320 

321 

323 

.224 

325 

.227 

328 

330 

331 

332 

17 

334 

335 

.237 

.238 

.240 

.241 

343 

344 

346 

347 

18 

.249 

350 

352 

353 

355 

357 

358 

360 

361 

363 

19 

365 

366 

.268 

.270 

372 

373 

375 

377 

378 

380 

30 

382 

384 

.285 

387 

389 

391 

393 

394 

396 

396 

21 

300 

302 

304 

306 

308 

310 

311 

314 

315 

317 

22 

319 

321 

323 

325 

327 

.329 

331 

333 

336 

336 

2S 

340 

342 

344 

346 

348 

350 

352 

354 

357 

359 

24 

361 

363 

.365 

.368 

370 

372 

374 

376 

379 

381 

25 

383 

386 

388 

390 

392 

395 

397 

399 

.402 

.404 

26 

.406 

.409 

.411 

.414 

.416 

.418 

.421 

.423 

.426 

.426 

27 

.431 

.433 

.436 

.438 

.440 

.443 

.446 

.448 

.451 

.453 

28 

.456 

.458 

.461 

.463 

.466 

.469 

.471 

.474 

.476 

.479 

29 

.482 

.484 

.487 
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TABLES  OF  CORRBCTIONS  FOR  DETERMUnNO  THE  TRUE  CAPAaTIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR-Contmued 

[Amoonto  to  be  added  to  appereiit  welgtit  of  water  In  grains  to  obtain  001001  cofoctty  In  mOUUtoro  at  20*  C] 

TABLE  39.— Indicated  Capacity  90  ml 


Tenths  of  Degreofl 

Temp.  In 

Deg.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.186 

0.188 

0.189 

0.190 

0.191 

0.192 

0.193 

0.194 

0.196 

0.197 

16 

.198 

.199 

.200 

.202 

.203 

.204 

.205 

.207 

.206 

jm 

17 

.210 

.212 

.213 

.214 

.216 

.217 

.218 

.220 

.221 

an 

18 

.224 

.225 

.227 

.228 

.230 

.231 

.232 

.234 

.235 

aaei 

19 

.238 

.240 

.241 

.243 

.244 

.246 

.247 

J49 

.251 

.252 

20 

.254 

.255 

.257 

.258 

.260 

.262 

.263 

.265 

.267 

.268 

21 

.270 

.272 

.273 

.275 

.277 

.278 

.280 

.282 

.284 

.286 

22 

.287 

.289 

.291 

.293 

.295 

.296 

.298 

.300 

.302 

.304 

23 

.306 

.308 

.309 

.311 

.313 

.315 

.317 

.319 

.321 

.323 

24 

.325 

.327 

.329 

.331 

.333 

.335 

.337 

.339 

.341 

.343 

2S 

.345 

.347 

.349 

.351 

.353 

.355 

.357 

.359 

.362 

J64 

26 

.366 

.368 

.370 

.372 

.374 

.377 

.379 

.381 

.383 

.385 

27 

.388 

.390 

.392 

.394 

.396 

.399 

.401 

.403 

.406 

.406 

28 

.410 

.412 

.415 

.417 

.419 

.422 

.424 

.426 

.429 

.431 

29 

.434 

.436 

.438 

TABLE  40.— Indicated  Capacity  80  ml 


15 

0.166 

0.167 

0.168 

0.169 

0.170 

0.171 

0.172 

0.173 

0.174 

0.173 

16 

.176 

.   .177 

.178 

.179 

.180 

.181 

.183 

.184 

.185 

.186 

17 

.187 

.188 

.189 

.191 

.192 

.193 

.194 

.195 

.196 

.198 

18 

.199 

.200 

.201 

.203 

.204 

.205 

.206 

.208 

.209 

JIO 

19 

.212 

.213 

.214 

.216 

.217 

.218 

.220 

.221 

.223 

J24 

20 

.226 

.227 

.228 

.230 

.231 

.233 

.234 

.236 

J37 

.239 

21 

.240 

.241 

.243 

.245 

.246 

.248 

J49 

.251 

.252 

.254 

22 

.255 

.257 

.259 

.260 

.262 

.264 

.265 

.267 

.268 

.270 

23 

.272      • 

.273 

.275 

.277 

.278 

.280 

.282 

.284 

.285 

.287 

24 

.289 

.290 

.292 

J94 

.296 

.298 

.299 

.301 

J03 

J05 

25 

.306 

.308 

.310 

.312 

.314 

.316 

.318 

.320 

.321 

J23 

26 

.325 

.327 

.329 

.331 

.333 

.335 

.337 

.339 

.341 

.342 

27 

.344 

.346 

.348 

.350 

.352 

354 

.356 

.358 

.360 

J62 

28 

.365 

.367 

.369 

.371 

.373 

J75 

.377 

.379 

.381 

.383 

29 

.385 

J87 

.390 

TABLE  41.— Indicated  Capacity  70  ml 


15 

ai45 

0.146 

0.147 

0.148 

0.148 

0.149 

0.150 

0.151 

0.1S2 

(US3 

16 

.154 

.155 

.156 

.157 

.158 

.159 

.160 

.161 

.162 

.163 

17 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

.172 

.173 

18 

.174 

.175 

.176 

.177 

.178 

.180 

.181 

.182 

.183 

.184 

19 

.185 

.186 

.188 

.189 

.190 

.191 

.192 

.194 

.195 

396 

20 

.197 

.199 

.200 

.201 

.202 

.204 

.205 

.206 

.207 

.209 

21 

.210 

.211 

.213 

.214 

.216 

.217 

.218 

.220 

J21 

322 

22 

.224 

.225 

.226 

.228 

.229 

.230 

.232 

.233 

.235 

.236 

23 

.238 

.239 

.241 

.242 

.244 

.245 

J47 

.248 

350 

351 

24 

.253 

.254 

.256 

.257 

.259 

.260 

.262 

.263 

365 

367 

25 

J68 

.270 

.271 

.273 

J74 

.276 

.278 

.280 

381 

383 

26 

.284 

.286 

.288 

.289 

.291 

.293 

.294 

.296 

.298 

399 

27 

JOl 

.303 

.305 

.307 

.308 

.310 

.312 

.314 

315 

317 

28 

J19 

.321 

.323 

.324 

.326 

.328 

.330 

332 

333 

335 

29 

.337 

.339 

.341 
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TABLES  OF  CORRECTIONS  FOR  DETERMINING  THE  TRUE  CAPAQTIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR— Continued 

[Amoonts  to  be  added  to  apparent  weight  of  water  In  grama  to  obtain  actual  capacity  In  mllUIiten  at  20*  C] 

TABLE  42.— Indicated  Capacity  60  ml 


Tenth!  of  Degreea 

TM9.fai 

STc 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IS 

0.124 

0.125 

0.126 

0.127 

0.127 

0.128 

0.129 

0.130 

0.130 

0.131 

16 

.132 

.133 

.134 

.134 

.135 

.136 

.137 

.138 

.139 

.140 

17 

.140 

.141 

.142 

.143 

.144 

.145 

.145 

.147 

.147 

.148 

18 

.150 

.150 

.151 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

19 

.159 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

20 

.169 

.170 

.171 

.172 

.173 

.175 

.176 

.177 

.178 

.179 

21 

.180 

.181 

.182 

.183 

.185 

.186 

.187 

.188 

.189 

.190 

22 

.192 

.193 

.194 

.195 

.196 

.198 

.199 

.200 

.201 

.202 

23 

.204 

.205 

.206 

.208 

.209 

.210 

.211 

.213 

.214 

.215 

24 

.216 

.218 

.219 

.220 

.222 

.223 

.225 

.226 

.227 

.228 

25 

.230 

.231 

.232 

.234 

.235 

J37 

.238 

.240 

.241 

.242 

26 

.244 

.245 

.247 

.248 

.250 

:251 

.253 

.254 

.255 

.257 

27 

.258 

.260 

.261 

.263 

.264 

.266 

.267 

.269 

.270 

.272 

28 

.273 

.275 

.276 

.278 

.280 

.281 

.283 

.284 

.286 

.288 

29 

.289 

.291 

.292 

TABLE  43.— Indicated  Capacity  SO  ml 


15 

0.104 

0.104 

0.105 

0.106 

0.106 

0.107 

0.107 

0.108 

0.109 

0.109 

16 

.110 

.111 

.111 

.112 

.113 

.113 

.114 

.115 

.116 

.116 

17 

.117 

.118 

.118 

.119 

.120 

.121 

.121 

.122 

.123 

.124 

18 

.124 

.125 

.126 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

19 

.132 

.133 

.134 

.135 

.136 

.137 

.137 

.138 

.139 

.140 

20 

.141 

.142 

.143 

.144 

.144 

.145 

.146 

.147 

.148 

.149 

n 

.150 

.151 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

22 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

.169 

23 

.170 

.171 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.179 

24 

.180 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.190 

25 

.192 

.193 

.194 

.195 

.196 

.197 

.199 

.200 

.201 

.202 

26 

.203 

.204 

.206 

.207 

.208 

.209 

.210 

.212 

.213 

.214 

27 

.215 

.216 

J18 

.219 

.220 

.222 

.223 

.224 

.225 

.226 

28 

.228 

.229 

.230 

.232 

.233 

.234 

.236 

.237 

.238 

.240 

29 

.241 

.242 

.244 

TABLE  44.— Indicated  Capacity  45  ml 


15 

OJfm 

ojm 

0.094 

0.095 

0.095 

0.096 

0.097 

0.097 

0.098 

0.098 

16 

.099 

.100 

.100 

.101 

.101 

.102 

.103 

.103 

.104 

.105 

17 

.105 

.106 

.107 

.107 

.108 

.108 

.109 

.110 

.111 

.111 

18 

.112 

.113 

.113 

.114 

.115 

.115 

.116 

.117 

.118 

.118 

19 

.119 

.120 

.121 

.121 

.122 

.123 

.124 

.124 

.125 

.126 

ao 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

.132 

.133 

.134 

21 

.135 

.136 

.137 

.138 

.138 

.139 

.140 

.141 

.142 

.143 

22 

.144 

.145 

.145 

.146 

.147 

.148 

.149 

.150 

.151 

.152 

23 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

.160 

.160 

.161 

24 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

25 

.172 

.173 

.174 

.176 

.177 

.178 

.179 

.180 

.181 

.182 

26 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.190 

.192 

.193 

27 

.194 

.195 

.196 

.197 

.198 

.199 

.201 

.202 

.203 

.204 

28 

J05 

.206 

.207 

.209 

.210 

.211 

.212 

.213 

JU4 

.216 

29 

ail 

.218 

.219 
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TABLES  OF  CORRBCTIONS  FOR  DETERMIHIirO  THE  TRUE  CAPACITIES  OF  GLASS 
VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR-Continued 

[Amoonti  to  be  added  to  tpperent  welffat  el  water  in  grains  to  obtein  actnal  capacttr  in  milllliten  «i  20*  C] 

TABLE  45.— Indicated  Capacity  40  ml  * 


Tenllis  ol  Decreet 

Temp,  in 

Deg.C 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.083 

0.083 

0.084 

0.084 

0.085 

0.085 

0.086 

0,086 

0.087 

0UM7 

16 

.068 

.089 

.089 

.090 

.090 

.091 

.091 

.092 

.092 

.093 

17 

.094 

.094 

.095 

.095 

.096 

.096 

.097 

.098 

.096 

jm 

18 

.099 

.100 

.101 

.101 

.102 

.102 

.103 

.104 

.105 

.105 

19 

.106 

.107 

.107 

.108 

.109 

.109 

.110 

.111 

.111 

.112 

20 

.113 

.113 

.114 

.115 

.116 

.116 

.117 

.118 

.119 

.119 

21 

.120 

.121 

.122 

.122 

.123 

.124 

.125 

.125 

.126 

.127 

22 

.128 

.129 

.129 

.130 

.131 

.132 

.133 

.133 

.134 

.135 

23 

.136 

.137 

.138 

.138 

.139 

.140 

.141 

.142 

.143. 

.143 

24 

.144 

.145 

.146 

.147 

.148 

.149 

.150 

.151 

.151 

.152 

25 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

.160 

.161 

.162 

26 

.163 

.164 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

27 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.179 

.180 

.181 

28 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.191 

.192 

29 

.193 

.194 

.195 

TABLE  46.— Indicated  Capacity  35  ml 


0.073 

0.073 

0.073 

0.074 

0.074 

0.075 

0.075 

0.076 

0.076 

0.07S 

.077 

.078 

.078 

.078 

.079 

.079 

.080 

.080 

.081 

.081 

.082 

.082 

.083 

.083 

.084 

.084 

.085 

,085 

.086 

U)86 

.087 

.088 

.088 

.089 

.089 

.090 

.090 

.091 

.091 

.092 

.092 

.093 

.094 

.094 

.095 

.096 

.096 

.097 

.097 

MB 

20 

.099 

.099 

.100 

.100 

.101 

.102 

.102 

.103 

.104 

.104 

21 

.105 

.106 

.106 

,107 

.108 

.108 

.109 

.110 

.110 

.111 

22 

.112 

.113 

.113 

.114 

.115 

.115 

.116 

.117 

.117 

.118 

23 

.119 

.120 

.120 

.121 

.122 

.122 

.123 

.124 

.125 

.126 

24 

.126 

.127 

.128 

.129 

.129 

.130 

.131 

.132 

.133 

.133 

25 

.134 

.135 

.136 

.137 

.137 

.138 

.139 

.140 

.141 

.141 

26 

.142 

.143 

.144 

.145 

.146 

.146 

.147 

.148 

.149 

.150 

27 

.151 

.152 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

.159 

28 

.159 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

29 

.169 

.170 

.170 

TABLE  47. — Indicated  Capacity  30  ml 


0.062 

0.063 

0.063 

0.063 

0.064 

0.064 

0.064 

0.065 

0.065 

0.066 

.066 

J066 

.067 

.067 

MA 

.068 

.068 

.069 

M9 

.070 

.070 

.071 

.071 

.071 

.072 

.072 

.073 

.073 

M4 

MA 

.075 

.075 

.076 

.076 

.077 

.077 

.077 

.078 

.078 

.079 

.079 

.080 

.080 

.081 

.081 

.082 

.062 

.063 

M* 

MA 

20 

.085 

.085 

.086 

.086 

M7 

.087 

.088 

.088 

.009 

.069 

21 

MO 

.091 

.091 

.092 

.092 

.093 

.093 

.094 

M4 

Mi 

22 

.096 

.096 

.097 

.098 

.098 

M9 

M9 

.100 

.101 

.101 

23 

.102 

.103 

.103 

.104 

.104 

.105 

.106 

.106 

.107 

.108 

24 

.108 

.109 

.110 

.110 

.111 

.112 

.112 

.113 

.114 

.114 

25 

.115 

.116 

.116 

.117 

.118 

.118 

.119 

.120 

.121 

.121 

26 

.122 

.123 

.123 

.124 

.125 

.126 

.126 

.127 

.128     ' 

.12t 

27 

.129 

.130 

.131 

.131 

.132 

.133 

.134 

.134 

.135 

.136 

28 

.137 

.137 

.138 

.139 

.140 

.141 

.141 

.142 

.143 

.144 

29 

.145 

.145 

.146 
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MASTER  SCALES  FOR  THE  GRADUATION  OF  HYDROMETERS 

The  accompanying  tables  were  prepared  for  the  use  of  hydrometer 
makers  in  the  graduation  of  hydrometer  scales  to  indicate  percentages  of 
ethyl  alcohol  by  weight  at  20®  C  or  by  volume  at  60®  F,  and  they  give  the 
proportional  length  of  any  part  of  the  hydrometer  scale,  assuming  that  the 
entire  scale  has  a  length  of  1000  mm*  and  that  the  hydrometer  stem  is  of 
imiform  cross  section.  For  example,  if  it  is  required  to  construct  a  hydrom- 
eter scale  having  a  certain  range  the  spacing  of  the  graduations  of  the  scale 
should  be  made  proportional  to  the  differences  of  the  lengths  shown  in 
the  table  for  that  range. 

These  tables  were  prepared  from  the  alcoholometric  tables  published 
in  this  circular,  (Tables  2  and  3) .  The  original  work  on  which  the  tables  are 
based  is  described  in  detail  in  the  Bulletin  of  the  Bureau  of  Standards, 
Vol.  9,  p.  328  (Reprint  No.  197) .  The  indications  of  hydrometers  graduated 
in  accordance  with  these  master  scales  will  be  on  the  basis  oflBcially  adopted 
by  the  Bureau  of  Standards.  Hydrometers  may  also  be  graduated  to  indi- 
cate percentages  of  **  proof  spirit,"  according  to  the  official  tables  of  the 
United  States  Bureau  of  Internal  Revenue  (adopted  191 3),  by  the  use  of 
the  accompanying  master  scale  intended  for  the  graduation  of  hydrometers 
to  indicate  percentages  of  alcohol  by  volume  at  60°  F.  The  percentage  of 
proof  spirit  is  in  every  case  twice  the  percentage  of  alcohol  by  voltune. 
For  example,  25  per  cent  alcohol  by  volume  is  equivalent  to  50  per  cent 
proof  spirit;  50  per  cent  alcohol  by  voliune  is  equivalent  to  100  per  cent 
proof  spirit.  The  spacing  of  the  graduations  for  proof  spirit  hydrometers 
can  therefore  be  taken  directly  from  Table  49,  the  per  cent  alcohol  by  volume 
being  multiplied  by  2  in  each  case  to  give  the  equivalent  per  cent  proof 
spirit. 

*Any  other  convenient  unit  may  be  employed;  the  tabulated  lengths  will  then  be  in  that 
unit. 
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TABLE    48. — Master    Scale   for   the    Graduation    of    Hydrometers    to 
Percentages  of  Ethyl  Alcohol  by  Weight  at  2(F  C 


Indicate 


[Totel  Umgflh  if  tcato  1000 1 


Pttrccnt 
aleilMl 

LenfCh 

Percent 
ekalMl 

Lensth 

Percent 
•Icohol 

Lencth 

Percent 
•Icohol 

LenfCh 

Percent 
ekahol 

Lcnclk 

mm 

mm       i 

mm 

mm 

mm 

0.0 

0.00 

5.0 

33.78       t 

10.0 

62.96 

15.0 

89.50 

2ao 

115.45 

0.71 

34.40 

63.51 

.1 

90.00 

115.99 

1.42 

35.02       t 

64.06 

.2 

90.50 

116.53 

2.13 

35.64 

64.61 

.3 

91.00 

.3 

117.07 

2.84 

36.26 

65.16 

.4 

91.50 

117.61 

3.55 

36.87 

65.71 

.5 

91.99 

*  c 

118. 15 

4.26 

37.48 

66.26 

.6 

92.48 

118.69 

4.97 

38.08 

66.81 

.7 

92.98 

119.23 

5.68 

38.68 

67.36 

.8 

93.48 

]g 

119.78 

6.38 

39.28 

67.91 

.9     . 

93.98 

120.33 

1.0 

7.08 

6.0 

39.88 

11.0 

68.45 

16.0 

94.49 

21.0 

120.88 

7.78 

40.48 

68.99 

.1 

95.00 

121.43 

8.48 

41.08 

69.53 

.2 

95  51 

121.96 

9.18 

.3 

41.68 

70.07 

.3 

96.02 

122.53 

9.88 

.4 

42.28 

70.61 

.4 

96.53 

123.08 

10.58 

42.88 

71.15 

.5 

97.04 

123.63 

11.28 

.6 

43.47 

71.69 

.6 

97.55 

124.18 

11.97 

44.06 

72.23 

.7 

96.06 

124.73 

12.66 

44.65 

72.77 

.8 

96.57 

125.28 

13.35 

45.24 

73.31 

.9 

99.06 

125.83 

2.0 

14.04 

7.0 

45.82 

12.0 

73.84 

17.0 

99.60 

22.0 

126.38 

14.73 

46.40 

74.37 

.1 

100.12 

126.94 

15.42 

46.98 

74.90 

.2 

100.64 

127.  SO 

16.11 

47.56 

75.43 

.3 

101.16 

128.06 

16.80 

48.14 

75.96 

.4 

101.68 

128.62 

17.49 

48.72 

76.49 

.5 

102.20 

129.19 

18.18 

.6 

49.30 

77.02 

.6 

102.72 

129.76 

18.87 

49.88 

77.55 

.7 

103.24 

130.31 

19.55 

50.46 

78.08 

.8 

103.76 

130.90 

20.22 

51.04 

78.61 

.9 

104.28 

131.47 

3.0 

20.89 

8.0 

51.62 

13.0 

79.13 

18.0 

104.80 

23.0 

132.04 

21.56 

52.19 

79.65 

.1 

105.32 

132.61 

22.22 

52.76 

80.17 

.2 

105.85 

133.18 

22.88 

53.33 

80.69 

.3 

106.38 

133.75 

23.54 

53.90 

81.21 

.4 

106.91 

134.32 

24.20 

54.47 

81.73 

.5 

107.44 

134.89 

24.85 

55.04 

82.25 

.6 

107.97 

135.46 

25.50 

55.61 

82.77 

.7 

108.50 

136.03 

26.15 

56.18 

83.29 

.8 

109.03 

136.60 

26.80 

56.75 

83.81 

.9 

109.56 

137.18 

4.0 

27.45 

9.0 

57.32 

14.0 

84.33 

19.0 

110.09 

24.0 

137.76 

28.09 

57.89 

84.85 

.1 

110.62 

138.34 

28.73 

58.46 

85.37 

.2 

111.15 

138.92 

29.37 

59.03 

85.89 

.3 

111.68 

139.50 

30.01 

59.60 

86.41 

.4 

112.21 

140.09 

30.64 

60.17 

86.93 

.5 

112.75 

140.68 

31.27 

60.73 

87.45 

.6 

113.29 

141.  n 

31.90 

61.29 

87.97 

.7 

113.83 

141.86 

32.53 

61.85 

88.49 

.8 

114.37 

142.45 

33.16 

62.41 

89.00 

.9 

114.91 

[9 

143.04 

5.0 

33.78 

10.0 

62.96        ! 

15.0 

89.50 

20.0 

115.45 

25.0 

143.63 
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TABLE    48. — Master    Scale   for   the    Graduation    of    Hydrometers   to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Weight  at  20°  C— Continued 


Fvcnt 

Uofdi 

Percent 
atoohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

25. 0 

143.63 

30.0 

175.93 

35.0 

213.09 

40.0 

nun 
254.74 

45.0 

300.41 

144.22 

176.63 

213.88 

255.62 

301.85 

144.82 

177.33 

214. 67 

256.50 

302.29 

145.42 

178.03 

.3 

215.46 

257.38 

303.23 

146.02 

178.73 

216.26 

258.26 

304.17 

146.62 

179.43 

is 

217.06 

259.14 

305.12 

147.23 

180.13 

217.86 

260.02 

306.07 

147.84 

180.84 

218.66 

260.90 

307.02 

148.45 

181.55 

.8 

219.46 

261.79 

307.97 

149.06 

182.26 

220.26 

262.68 

308.92 

26.0 

149.67 

31.0 

182.97 

36.0 

221.06 

41.0 

263.57 

46.0 

309.88 

150.28 

183.68 

221.86 

264.46 

310.84 

150.90 

184.40 

222.67 

265.35 

311.80 

151.52 

185.12 

223.48 

266.24 

312.76 

152.14 

185.85 

224.29 

267.14 

313.72 

152.77 

186.58 

225.10 

268.04 

314.68 

153.40 

i87.31 

225.91 

268.94 

315.64 

154.03 

188.04 

226.73 

269.84 

316.60 

154.66 

188.77 

227.55 

270.74 

317.56 

155.29 

189.51 

228.37 

271.64 

318.52 

27.0 

155.93 

32.0 

190.25 

37.0 

229.19 

42.0 

272.55 

47.0 

319.49 

156.57 

190.99 

230.01 

273.46 

320.46 

157. 21 

191.73 

230.84 

274.37 

321.43 

157.85 

192.47 

231.67 

275.28 

322.40 

158.49 

193.21 

232.50 

276.19 

323.37 

159.14 

193.95 

233.34 

277.11 

324.34 

159.79 

194.69 

234.18 

278.03 

325.31 

160.44 

195.44 

235.02 

278.95 

326.28 

161.09 

196.19 

235.86 

279.87 

327.25 

161.74 

196.94 

236.70 

•  9 

280.79 

328.22 

28.0 

162.40 

33.0 

197.69 

38.0 

237.54 

43.0 

281.71 

48.0 

329.19 

163.06 

198.45 

238.38 

282.63 

330.16 

163.72 

199.21 

239.23 

283.55 

331.14 

164.38 

199.97 

240.08 

284.48 

332.12 

165.04 

200.73 

240.93 

285.41 

333.10 

165.70 

201.49 

241.78 

286.34 

334.09 

166.37 

202.25 

242.63 

287.27 

335.08 

167.04 

203.01 

243.49 

288.20 

336.07 

167.71 

203.77 

244.35 

289.13 

337.06 

168.38 

*.9 

204.53 

245.21 

290.07 

338.05 

29.0 

169.06 

34.0 

205.30 

39.0 

246.07 

44.0 

291.01 

49.0 

339.04 

169.74 

206.07 

246.93 

291.95 

340.03 

170.42 

206.84 

247.79 

292.89 

341.02 

171.10 

207.61 

248.65 

293.83 

342.01 

a71.78 

208.38 

249.51 

294.77 

343.00 

172.47 

209.16 

250.38 

295.71 

343.99 

173.16 

209.94 

251.25 

296.65 

344.98 

173.85 

210.72 

252.12 

297.59 

345.97 

174.54 

211.51 

252.99 

298.53 

346.96 

175. 2S 

212.30 

253.86 

299.47 

347.96 

30.0 

175.93 

35.0 

213.09 

40.0 

254.74 

45.0 

300.41 

50.0 

348.96 
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TABLE    48.— Master    Scale   for    the    Grraduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Weight  at  20^  C— Continued 


Percent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

Percent 
•ICQhol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Lenglh 

mm 

mm 

mm 

fnm 

mm 

50.0 

348.96 

55.0 

400.41 

60.0 

454.11 

65.0 

510. 19 

70.0 

568.65 

.1 

349.96 

401.46 

455.21 

.1 

511.34 

.1 

569.85 

.2 

350.96 

402.52 

456.31 

.2 

512. 49 

.2 

571.05 

.3 

351.96 

403.58 

457. 41 

.3 

513.64 

.3 

572.25 

.4 

352.96 

404.64 

458.51 

.4 

514.79 

.4 

573.45 

.5 

353.97 

405.70 

459-61 
4^.71 

.5 

515.94 

.5 

574.65 

.6 

354.98 

406.76 

.6 

517.09 

.6 

575.85 

.7 

355.99 

407.82 

461.82 

.7 

518. 24 

.7 

577.05 

.8 

357.01 

408.88 

462.93 

.8 

519.39 

.8 

578.25 

.9 

358.03 

409.94 

464.04 

.9 

520.54 

.9 

579.46 

*     51.0 

359.05 

56.0 

411.00 

61.0 

465.15 

66.0 

521.70 

71.0 

580.67 

.1 

360.07 

412.06 

466.26 

.1 

522.86 

.1 

581.88 

.2 

361.09 

413. 12 

467.37 

.2 

524.02 

.2 

583.09 

.3 

362.11 

414. 18 

468.48 

.3 

525.18 

.3 

S84.30 

.4 

363.13 

415.24 

469.59 

.4 

526.34 

.4 

585.51 

.5 

364.15 

416.31 

470.70 

.5 

527.50 

.5 

586.72 

.6 

365.17 

417.38 

471.81 

.6 

528.66 

.6 

587.93 

.7 

366.19 

418.45 

472  92 

.% 

529.82 

.7 

589.14 

.8 

367.22 

419.52 

474.03 

.8 

530.98 

.8 

590.35 

.9 

368.25 

420.59 

475.14 

.9 

532.14 

.9 

591.56 

52.0 

369.28 

57.0 

421.66 

62.0 

476.25 

67.0 

533.30 

72.0 

S92.77 

.1 

370.31 

422.73 

477.37 

.1 

534.46 

.1 

593.99 

.2 

371.34 

423.80 

478.49 

.2 

535.62 

.2 

595.21 

.3 

372.37 

424.87 

479.61 

.3 

536.79 

.3 

596.43 

.4 

373.40 

425.94 

480.73 

.4 

537.96 

.4 

S97.65 

.5 

374.43 

427.01 

481.85 

.5 

539.13 

.5 

598.87 

.6 

375.46 

428.08 

482.97 

.6 

540.30 

.6 

600.09 

.7 

376.49 

429.15 

484.09 

.7 

541.47 

.7 

601.31 

.8 

377.52 

430.22 

485.21 

.8 

542.64 

.8 

602.53 

.9 

378.55 

431.29 

486.33 

.9 

543.81 

.9 

603.75 

53.0 

379.58 

58.0 

432.37 

63.0 

487.46 

68.0 

544.98 

73.0 

604.98 

.1 

380.61 

433.45 

488.59 

.1 

546.15 

.1 

606.21 

.2 

381.64 

434.53 

489.72 

.2 

547.32 

.2 

607.44 

.3 

382.67 

435.61 

490.85 

.3 

548.49 

.3 

608.67 

.4 

383.70 

436.69 

491.98 

.4 

549.66 

.4 

609.90 

.5 

384.73 

437.77 

493.11 

.5 

550.84 

.5 

611.13 

.6 

385.76 

438.85 

494.24 

.6 

552.02 

.6 

612.36 

.7 

386.80 

439.93 

495.37 

.7 

553.20 

.7 

613.59 

.8 

387.84 

441.02 

496.50 

.8 

554.38 

.8 

614.82 

.9 

388.88 

442.11 

497.64 

.9 

555.56 

.9 

616.05 

54.0 

389.92 

59.0 

443.20 

64.0 

498.78 

59.0 

556.74 

74.0 

617.29 

.1 

390.96 

444.29 

499.92 

.1 

557.92 

.1 

618.53 

.2 

392.01 

445.38 

501.06 

.2 

559.10 

.2 

619.77 

.3 

393.06 

446.47 

502.20 

.3 

560.29 

.3 

621.01 

.4 

394.11 

447.56 

503.34 

.4 

561.48 

.4 

622.25 

.5 

395.16 

448.65 

504.48 

.5 

562.67 

.5 

623.49 

.6 

396.21 

449.74 

505.62 

.6 

563.86 

.6 

624.73 

.7 

397.26 

450.83 

506.76 

.7 

565.05 

.7 

625.98 

.8 

398.31 

451,92 

507.90 

.8 

566.25 

.8 

627.23 

.9 

399.36 

453.01 

509.04 

.9 

567.45 

.9 

628.48 

55.0 

400.41 

6ao 

454.11 

65.0 

510. 19 

70.0 

568.65 

75.0 

629.73 
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TABLE    48.— Master    Scale   for   the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Weight  at  20^  C— Continued 


•loohol 

Lencth 

Per  cent 
alcohol 

Lencth 

Percent 
•Icohol 

Length 

Percent 
•Icohol 

Length 

Per  cent 
alcohol 

Length 

mm 

w^tn 

mm 

mm 

iqm 

75.0 

629.73 

80.0 

693.50 

85.0 

760.69 

90.0 

832.76 

95.0 

911.46 

630.98 

694.81 

762.08 

.1 

834.26 

913.12 

632.23 

696.12 

763.47 

.2 

835.76 

914. 78 

633.48 

697.43 

764.86 

.3 

837.27 

916.44 

634.73 

698. 74 

766.25 

.4 

838.78 

.4 

918. 11 

635.98 

700.06 

767.65 

.3 

840.29 

919.79 

637.23 

701.38 

769.05 

.6 

841.80 

921.47 

638.48 

702.  70 

770.45 

.7 

843.32 

.7 

923.16 

639.73 

704.02 

771.85 

.8 

844.84 

924.85 

640.98 

705.34 

773.25 

.9 

846.37 

926.54 

76.0 

642.23 

81.0 

706.66 

86.0 

774.66 

91.0 

847.90 

96.0 

928.24 

643.48 

707.98 

776.07 

.1 

849.43 

929.94 

644.73 

709.30 

777.48 

.2 

850.96 

931.64 

645.99 

710.62 

778.89 

.3 

852.50 

933.35 

647.25 

711.95 

780.30      1 

.4 

854.04 

935.06 

648.51 

*  e 

713.28 

781.72      i 

.5 

855.58 

936.78 

649.77 

714.61 

783.14 

.6 

857.12 

938.50 

651.03 

715.94 

784.56 

.7 

858.67 

940.22 

652.29 

717.27 

785.98 

.8 

860.22 

941.95 

653.55 

718.60 

787.40 

.9 

861.77 

.9 

943.68 

77.0 

654.81 

82.0 

719.94 

87.0 

788.83 

92.0 

863.33 

97.0 

945.42 

656.08 

721.28 

.1 

790.26 

.1 

864.89 

947.17 

657.35 

722.62 

.2 

791.70 

.2 

866.46 

948.92 

658.62 

723.96 

.3 

793.14 

.3 

868.03 

950.68 

659.90 

725.30 

.4 

794.58 

.4 

869.61 

952.44 

661.18 

726.64 

.5 

796.02 

.5 

871. 19  • 

954.21 

662.46 

727.98 

.6 

797.46 

.6 

872.77 

955.98 

663.74 

729.32 

.7 

798.91 

.7 

874.35 

957.76 

665.02 

730.66 

.8 

800.36 

.8 

875.93 

959.55 

666.30 

732.00 

.9 

801.81 

.9 

877.52 

961.34 

78.0 

667.58 

83.0 

733.35 

88.0 

803.26 

93.0 

879.11 

98.0 

963.14 

668.86 

734.70 

.1 

804.71 

.1 

880.70 

964.94 

670. 14 

.2 

736.05 

.2 

806.16 

.2 

882.29 

966.75 

671.43 

.3 

737.40 

.3 

807.61 

.3 

883.88 

968.56 

672.72 

738.76 

.4 

809.07 

.4 

885.48 

970.38 

674.01 

740.12 

.5 

810.53 

.5 

887.08 

972.20 

675.30 

741.48 

.6 

811.99 

.6 

888.68 

974.02 

676. 59 

742.84 

.7 

813. 45 

.7 

890.29 

975.85 

677.88 

744.20 

.8 

814. 92 

.8 

891.90 

977.58 

679.17 

745.56 

.9 

816.39 

.9 

893.51 

979.51 

79.0 

680.47 

84.0 

746.92 

89.0 

817.86 

94.0 

895.12 

99.0 

981.35 

681.77 

748.29 

.1 

819.34 

.1 

896.74 

983.19 

683.07 

749.66 

.2 

820.82 

.2 

898.36 

985.03 

684.37 

751.03 

.3 

822.30 

.3 

899.98 

986.88 

685.67 

752.40 

.4 

823.79 

.4 

901.61 

988.74 

686.97 

753.78 

.5 

825.28 

.5 

903.24 

990.60 

688.27 

755. 16 

.6 

826.77 

.6 

904.88 

992.47 

689.57 

756.54 

.7 

828.26 

.7 

906.52 

994.35 

690.88 

757. 92 

.8 

829.76 

.8 

908.16 

996.23 

692.19 

759.30 

.9 

831.26 

.9 

909.81 

998.11 

80.0 

693.50 

85.0 

760.69 

90.0 

832.76 

95.0 

911.46 

100.0 

1  000.00 
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TABLE    49. — Master   Scale    for   the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Volume  at  60^  F 

[Total  lenftli  of  icalo  1000  mm] 


Percent 
•iGobol 

Longtli 

Percent 
alcohol 

Lengdi 

Percent 
alcohol 

Length 

Percent 
alcohol 

Lencth 

For  cent 

r^ 

mm 

mm 

mm 

mm 

torn 

ao 

0.00 

5.0 

27.84 

lao 

52.30 

15.0 

74.47 

2ao 

94.90 

.1 

0.58 

28.37 

.1 

52.76 

.1 

74.89 

95.30 

.2 

1.16 

28.90 

.2 

53.22 

.2 

75.31 

95.70 

.3 

1.73 

29.43 

.3 

53.68 

.3 

75.73 

96.10 

.4 

2.31 

29.96 

.   .4 

54.14 

.4 

76.15 

96.50 

.5 

2.89 

30.48 

.5 

54.60 

.5 

76.57 

96.90 

.6 

3.47 

31.00 

.6 

55.06 

.6 

76.99 

97.30 

.7 

4.04 

31.51 

.7 

55.52 

.7 

77.41 

97.70 

.8 

4.62 

32.02 

.8 

55.98 

.8 

77.83 

98wll 

.9 

5.20 

32.53 

.9 

56.44 

.9 

78.25 

98w5l 

1.0 

5.78 

6.0 

33.04 

11.0 

56.90 

16.0 

78.67 

2L0 

98w92 

.1 

6.36 

33.55 

.1 

57.36 

.1 

79.09 

99.  Si 

.2 

6.93 

34.05 

.2 

57.82 

.2 

79.51 

99.74 

.3 

7.50 

34.55 

.3 

58.28 

.3 

79.93 

100.15 

.4 

8.07 

35.05 

.4 

58.74 

.4 

80.35 

100.56 

.5 

8.64 

35.55 

.5 

59.20 

.5 

80.77 

10a97 

.6 

9.21 

36.05 

.6 

59.65 

.6 

81.19 

10L38 

.7 

9.78 

36.55 

.7 

60.10 

.7 

81.60 

10L79 

.8 

10.35 

37.05 

.8 

6a  55 

.8 

82.01 

102.20 

.9 

10.92 

37.55 

.9 

61.00 

.9 

82.42 

102.61 

2.0 

11.49 

7.0 

38.05 

12.0 

61.45 

17.0 

82.83 

22.0 

103.02 

.1 

12.05 

38.54 

.1 

61.90 

.1 

83.24 

103.43 

.2 

12.61 

39.03 

.2 

62.35 

.2 

83.65 

103.84 

.3 

13.17 

39.52 

.3 

62.79 

.3 

84.06 

104.25 

.4 

13.73 

40.01 

.4 

63.23 

.4 

84.47 

104.66 

.5 

14.29 

40.50 

.5 

63.67 

.5 

84.88 

105.08 

.6 

14.85 

40.98 

.6 

64.11 

.6 

85.28 

105.50 

.7 

15.41 

41.46 

.7 

64.55 

.7 

85.69 

105.92 

.8 

15.97 

41.94 

.8 

64.99 

.8 

86.09 

106u34 

.9 

16.52 

42.42 

.9 

65.43 

.9 

86.49 

106^76 

3.0 

17.07 

8.0 

42.89 

13.0 

65.87 

18.0 

86.89 

23.0 

107.18 

.1 

17.62 

43.36 

.1 

66.31 

.1 

87.29 

107.60 

.2 

18.17 

43.83 

.2 

66.74 

.2 

87.69 

108.02 

.3 

18.72 

44.30 

.3 

67.17 

.3 

88.09 

108.44 

.4 

19.27 

44.77 

.4 

67.60 

.4 

88.50 

108.86 

.5 

19.82 

45.24 

.5 

68.03 

.5 

88.90 

109.28 

.6 

20.37 

45.72 

.6 

68.46 

.6 

89.30 

109.70 

.7 

20.91 

46.20 

.7 

68.89 

.7 

89.70 

110.12 

.8 

21.45 

46.67 

.8 

69.32 

.8 

90.10 

110.54 

.9 

21.99 

47.14 

.9 

69.75 

.9 

90.50 

lia96 

4.0 

22.53 

9.0 

47.61 

14.0 

70.18 

19.0 

90.90 

24.0 

111.38 

.1 

23.07 

48.08 

.1 

70.61 

.1 

91.30 

111.81 

.2 

23.60 

48.55 

.2 

71.04 

.2 

91.70 

112.24 

.3 

24.13 

49.02 

.3 

71.47 

.3 

92.10 

112.67 

.4 

24.66 

49.49 

.4 

71.90 

.4 

92.50 

113. 10 

.5 

25.19 

49.96 

.5 

72.33 

.5 

92.90 

113.53 

.6 

25.72 

50.43 

.6 

72.76 

.6 

93.30 

113.96 

.7 

26.25 

50.90 

.7 

73.19 

.7 

93.70 

114.39 

.8 

26.78 

51.37 

.8 

73.62 

.8 

94.10 

114.82 

.9 

27.31 

51.84 

.9 

74.05 

.9 

94.50 

115.25 

5.0 

27.84 

10.0 

52.30 

15.0 

74.47 

20.0 

94.90 

25,0 

llS.6t 
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TABLE    49. — Master   Scale   for    the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Volume  at  60^  F.— Continued 


Fir  cm 
lintel 

Uncth 

Percent 
alcohol 

Lendh 

Percent 
aloobol 

Lengdi 

Percent 
akobol 

Length 

Percent 
alcohol 

Lengfli 

mm 

mtn 

twtw 

mm 

mm 

25.0 

115.68 

sao 

138.27 

35.0 

164.35 

40.0 

195. 12 

45.0 

230.59 

116. 11 

.1 

138.75 

164.92 

195.79 

231.35 

.2 

116.54 

.2 

139.23 

165.49 

196.46 

232.11 

116.97 

.3 

139.71 

166.06 

197.13 

232.87 

.4 

117.40 

.4 

140.20 

166.63 

197.80 

233.63 

117.83 

.5 

140.69 

167.20 

198.47 

234.39 

118.27 

.6 

141. 18 

167. 78 

199.14 

235. 16 

118.71 

.7 

141. 67 

168.36 

199.82 

235.93 

.8 

119  15 

.8 

142. 16 

168.94 

200.50 

236.71 

119.59 

.9 

142.65 

169.53 

201.18 

237.49 

26.0 

12a  03 

31.0 

143.14 

36.0 

170. 12 

41.0 

201.86 

46.0 

238.28 

120.47 

.1 

143.63 

170.71       ! 

202.55 

239.06 

.2 

120.91 

.2 

144.12 

171.30 

203.24 

239.84 

121.35 

.3 

144.61 

171.89 

203.93 

240.62 

.4 

121.79 

.4 

145. 10 

172.48 

204.62 

241.40 

122.23 

.5 

145.59 

173.08 

205.31 

242. 18 

122.67 

.6 

146.09 

173.68 

206.00 

242.97 

123. 12 

.7 

146.59 

174. 28      , 

.     206.70 

243.76 

123.57 

.8 

147-11 

174.88 

207.40 

244.55 

124.02 

.9 

147.63 

175.48       ' 

208.10 

245.34 

27.0 

124.47 

32.0 

148.15 

37.0 

176.08       1 

42.0 

208.80 

47.0 

246.14 

124.92 

.1 

148.67 

176.69 

209.50 

246.94 

125.37 

.2 

149. 19 

177.30      i 

210.20 

247.74 

125.82 

.3 

149.71 

177.91 

210.90 

248.54 

126.27 

.4 

150.23 

178.52 

211.60 

249.35 

126.72 

.5 

150.75 

179.13 

212.31 

250.16 

127.17 

.6 

151.27 

179. 75      i 

213.02 

250.97 

127.62 

.7 

151.  79 

180.37 

213.73 

251.79 

.8 

128.07 

.8 

152.31 

180.99 

214.44 

252.61 

128.52 

.9 

152.84 

181.62      ! 

215.15 

253.43 

28.0 

128.98 

33.0 

153.37 

38.0 

182.25 

43.0 

215.87 

48.0 

254.25 

129.44 

.1 

153.90 

182.88 

216.59 

255.07 

129.90 

.2 

154.43 

183.51 

217.31 

255.89 

.3 

130.36 

.3 

154.96 

184. 14       { 

218.03 

256.71 

.4 

130.82 

.4 

155.50 

184.77       1 

218.75 

257.53 

131.28 

.5 

156.04 

185.40 

219.48 

258.36 

.6 

131.74 

.6 

156.58 

186.03      I 

220.21 

259.19 

132.20 

.7 

157. 12 

186.67       1 

220.94 

260.02 

.8 

132.66 

.8 

157.66 

187.31       1 

221.67 

260.85 

133.12 

.9 

158.21 

187.95       1 

222.40 

261.69 

29.0 

133.58 

34.0 

158.76 

39.0 

188.59 

44.0 

223.14 

49.0 

262.53 

.1 

134.04 

.1 

159.31 

189.23 

223.88 

263.37 

134.51 

.2 

159.86 

189.88 

224.62 

264.21 

134.98 

1          .3 

160.42 

190.53 

225.36 

.3 

265.05 

135.45 

.4 

160.98 

191. 18 

226. 10 

265.89 

135.92 

.5 

161.54 

191.83 

226.84 

266.74 

.6 

136.39 

.6 

162. 10 

192.48 

227.59 

267.59 

136.86 

.7 

162.66 

193.13 

228.34 

268.44 

137.33 

.8 

163.22 

193.79 

229.09 

269.30 

137.80 

.9 

163.78 

194. 45       1 
195. 12 

229.84 

270.16 

30.0 

138.27 

35.0 

164.35 

40.0 

45.0 

230.59 

50.0 

271.02 
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Pwcent 
alcohol 

Length 

Percent 
oleohol 

Length 

Percent 
oleobol 

Length 

Percent 
alcohol 

Length 

Percent 
■Icahil 

Length 

mm 

nun 

mm 

mtn 

mm 

S0.0 

271.02 

55.0 

315.94 

60.0 

365.01 

65.0 

418.40 

70.0 

476.10 

271.88 

.1 

316.88 

366.04 

419.50 

477.  SI 

272.74 

.2 

317.82 

367.07 

420.60 

478.  S2 

273.60 

.3 

318.76 

368.10 

421. 71 

479.79 

274.47 

.4 

319.70 

:4      •      369.13 

422.82 

480.94 

275.34 

.5 

320.65 

370.16 

423.93 

482.15 

276.21 

.6 

321.60 

371.20 

425.05 

483.36 

277.08 

.7 

322.55 

372. 24 

426. 17 

484.57 

277.95 

.8 

323.50 

.8 

373.28 

427.29 

485.78 

278.82 

.9 

324.45 

.9 

374.32 

428.41 

487.00 

51.0 

279.70 

56.0 

325.40 

61.0 

375.36 

66.0 

429.54 

71.0 

488.22 

280.58 

.1 

326.35 

•  1 

376.40 

430.67 

489.45 

281.46 

.2 

327.31 

377.44 

431.80 

490.60 

282.34 

.3 

328.27 

378.49 

432.93 

491.91 

283.22 

.4 

329.23 

379.54 

434.06 

493.14 

284.10 

.5 

330.19 

380.60 

435.19 

494.37 

284.98 

.6 

331.15 

381.66 

436.32 

495.60 

285.87 

.7 

332.11 

382.72 

437.46 

496.84 

286.76 

.8 

333.07 

383.78 

438.60 

498.08 

287.65 

.9 

334.03 

384.84 

439.75 

499.32 

52.0 

288.54 

57.0 

334.99 

62.0 

385.91 

67.0 

440.90 

72.0 

500.56 

289.43 

.1 

335.95 

.  1 

386.98 

442.05 

501.80 

290.32 

.2 

336.92 

388.05 

443.20 

503.05 

291.21 

.3 

337.89 

389.12 

444.35 

504.30 

292.10 

.4 

338.87 

390.19 

445.50 

505.56 

292.99 

.5 

339.85 

391.26 

446.65 

506.82 

293.89 

.6 

340.83 

392.33 

447.80 

508.06 

294.79 

.7 

341.81 

393.40 

448.95 

509.34 

295.69 

.8 

342.79 

394.47 

450.11 

510.60 

296.59 

.9 

343.78 

395.55 

451.26 

511.86 

53.0 

297.50 

58.0 

344.78 

63.0 

396.63 

68.0 

452.42 

73.0 

513.13 

298.41 

.1 

345.78 

397.71 

453.58 

514.40 

299.32 

.2 

346.78 

.  2 

398.79 

454.74 

515.67 

.3 

300.23 

.3 

347.78 

399.87 

455.91 

516.94 

301.14 

.4 

348. 78 

400.95 

457.08 

518.21 

.5 

302.05 

.5 

349.78 

.  5 

402.03 

458.25 

519.48 

302.96 

.6 

350.78 

403.11 

459.43 

520.76 

303.87 

.7 

351.78 

404.19 

460.61 

522.04 

304.78 

.8 

352.78 

405.27 

461.79 

523.32 

305.70 

I           .9 

353.79 

^9 

406.36 

462.98 

524.60 

54.0 

306.62 

j       59.0 

354.80 

64.0 

407.45 

69.0 

464.17 

74.0 

525.89 

307.55 

.1 

355. 81 

408.54 

465.36 

527.18 

308.48 

.2 

356.82 

! 2       1       409. 63 

466.55 

528.47 

.3 

309.41 

.3 

357.84 

.3             410.72 

467.74 

529.76 

310.34 

.4 

358.86 

.4       1       411.81 

[4 

468.93 

531.05 

.  5 

311.27 

i           -5 

359.88 

.5       1       412.90 

470. 12 

532.34 

|C 

312.20 

1           .6 

360.90 

.6             414.00 

471.31 

533.63 

313. 13 

.7 

361.92 

.  7             415. 10 

472.50 

534.92 

314.06 

.8 

362.95 

.  8             416. 20 

473.70 

536.21 

315.00 

.9 

363.98 

.9             417.30 

474.90 

537.51 

55.0 

315.94 

60.0 

365.01 

65.0 

418.40      ! 

70.0 

476.10 

75.0 

538.81 
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TABLE    49. — Master   Scale   for   the    Graduation    of    Hydrometers    to    Indicate 
Percentages  of  Ethyl  Alcohol  by  Volume  at  60^  F.— Continued 


Ftrent 
•kaliol 

Unfth 

PwCMIt 
atoohol 

Length 

Per  cent 
atoohol 

Lttfth 

Percent 
■looliol 

Length     1 

Percent 
alcohol 

Length 

mm 

lyitn 

mm 

mm 

7$.0 

S38.81 

80.0 

607.33 

85.0 

682.71 

90.0 

767.67 

95.0 

868.34 

S40.12 

608.77 

684.31 

769.50      { 

870.60 

541.43 

610. 21 

685.91 

771.33 

872.87 

542.74 

611.65 

687.52 

773.16 

875.15 

544.05 

613.09 

689.13 

774.99 

877.44 

545.37 

614.53 

690.74 

776.83 

879.74 

546.69 

615.97 

692.36 

778.68 

882.05 

548.01 

617. 42 

693.98 

780.54 

884.37 

549.33 

618.87 

695.60 

782.41 

886.71 

550.66 

620.33 

697. 23 

'g 

784.29 

889.06 

76.0 

552.00 

81.0 

621.79 

86.0 

698.86 

91.0 

786.18 

96.0 

891.43 

553.34 

623.26 

700.50 

788.08 

893.82 

554.68 

624.73 

702.14 

789.98 

896.22 

556.02 

626.20 

703.79 

!3 

791.88 

898.62 

557.36 

627.67 

705.44 

793.78 

901.03 

558.70 

629.14 

707.10 

[5 

795.69 

903.45 

560.05 

630.62 

708.76 

\s 

797.62 

905.89 

561.40 

632.10 

710.42 

799.57 

908.34 

562.75 

633.58 

712.08 

801.52 

910.80 

564.10 

635.07 

713.74 

803.49 

913.27 

77.0 

565.45 

82.0 

636.56 

87.0 

715. 41 

92.0 

805.46 

97.0 

915.75 

566.81 

638.05 

717.08 

807.44 

918. 25 

568.17 

639.54 

718. 75 

.2 

809.42 

920.77 

569.53 

641.03 

720. 43 

811.40 

923.31 

570.89 

642.53 

722.11 

813.39 

925.88 

572.25 

644.03 

723.80 

815.38 

928.46 

573.62 

645.54 

725.50 

817.38 

931.05 

574.99 

647.05 

727. 20 

819.40 

»3.66 

576. 37 

648.57 

728.90 

821.42 

936.28 

577.75 

650.09 

730.60 

823.45 

938.93 

7t.O 

579.13 

83.0 

651.61 

88.0 

732. 31 

93.0 

825.49 

98.0 

941.61 

580.52 

653. 13 

734.02 

827.54 

944.33 

581.92 

6S4.65 

735. 74 

829.60 

947.06 

583.32 

656.18 

737.46 

831.67 

949.80 

584.72 

657.  71 

739  19 

833.74 

952.56 

586.12 

659.24 

740.93 

835.82 

955.35 

587.52 

660.77 

742. 68 

837.90 

958.16 

588.92 

662.31 

744. 43 

840.00 

961.00 

590.32 

663.85 

746. 19 

842.12 

963.86 

591.72 

665.40 

747.95 

844.25 

966.74 

79.0 

593.12 

84.0 

666.96 

89.0 

749. 72 

94.0 

846.40 

99.0 

969.64 

594.53 

668.52 

751.49 

848.56 

972.56 

595.94 

670. 08 

753. 27 

850.73 

975.52 

597.35 

671.64 

755.05 

852.90 

978.50 

598.77 

!4 

673.  21 

756.84 

855.08 

981.50 

600.19 

674.79 

758.64 

857.26 

984.52 

601.61 

676. 37 

760. 45 

859.46 

987.55 

603.04 

677.95 

762.25 

861.67 

990.61 

604.47 

679. 53 

764.05 

863.88 

993.71 

605.90 

681.12 

765.86 

866.10 

*Q 

996.84 

80.0 

607.33 

85.0 

6S2.71 

90.0 

767.67 

95.0 

868.34 

100.0 

1  000.00 
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STANDARD  DENSITY  AND  VOLUMETRIC  TABLES 


ABSTRACT 

This  circular  contains  standard  density  tables  and  others  of  a  similar  nature 
most  often  required  in  physical  and  chemical  laboratories.  For  example,  the 
density  of  water  at  all  temperatures  from  0°  C.  to  102**  C.;the  density  of  various 
percentages  of  ethyl  alcohol  at  various  temperatures;  the  density  and  pounds 
per  gallon  of  milk  and  cream,  and  of  American  petroleum  oils;  temperature 
corrections  to  the  indications  of  hydrometers  in  alcohol,  sugar,  petroleum  oil, 
and  sulphuric  acid  solutions.  Tables  are  also  given  showing  the  relation  be- 
tween degreed  Baum6  and  specific  gravity  for  both  heavy  and  light  liquids; 
the  relation  of  degrees  A.  P.  I.  and  specific  gravity;  the  capacities  of  glass  ves- 
sels from  the  weight  of  water  contained  or  delivered;  and  master  scales  for  the 
graduation  of  hydrometers  (alcoholometers). 
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INTRODUCTION 

The  wide  application  of  hydrometers  as  measuring  instruments  in 
the  collection  of  revenues  in  commerce  and  in  the  industries  makes 
it  very  important  to  define  the  various  scales  of  indication  of  these 
instruments  in  terms  of  fundamental  imits. 

The  confusion  and  discordance  heretofore  resulting  from  the  use 
of  various  insufficiently  defined  hydrometer  scales,  and  the  lack  of 
opportunity  for  verifying  standards  on  a  uniform  basis,  led  the 
bureau  to  investigate  the  problems  connected  with  hydrometry  and 
to  prepare  standard  density  tables  for  definition  of  hydrometer  scales. 

In  bureau  circular  No.  16  the  conditions  are  annoimced  under 
which  the  testing  of  hydrometers  will  be  conducted,  and  specifica- 
tions are  given  as  to  the  construction,  standardization,  and  accuracy 
required  for  hydrometers  in  order  that  they  be  approved  as  precision 
instruments. 

The  present  circular  comprises  the  density  tables  which  have  been 
adopted  for  definition  of  hydrometer  scales,  auxiliary  tables  which 
have  been  prepared  for  reduction  of  hydrometer  readings,  tables  for 
computation  of  volumetric  capacity,  and  others  of  similar  nature 
giving  physical  constants  for  whicji  the  bureau  receives  frequent 
inquiries. 

In  all  tables  found  in  this  circular  the  term  density  is  used  to  repre- 
sent the  mass  per  unit  volume  and  is  expressed  in  graw^  per  miZZi- 
■■iZi^ 

The  term  specific  gramty  is  used  to  express  the  reUUive  masses  of 
equal  volumes  of  the  liquid  in  question  and  of  water,  each  liquid  being 
at  a  definitely  stated  temperature.    For  example,  specific  gravity  at 

ggo  F.  means  the  specific  gravity  of  the  liquid  at  60*^  F.  referred  to 

water  at  60*^  F.  as  imity. 

The  density  values  in  Tables  1,  2,  8,  12, 13, 32,  and  33  are  numer- 
ically the  same  as  specific  gravities  at  the  various  temperatures  re- 
ferred to  water  at  4®  C.  as  unity. 

For  the  sake  of  uniformity  the  same  abbreviation,  D,  with  the 
proper  temperature  basis,  is  used  for  both  density  and  specific 
gravity. 

George  K.  Burgess, 

Director. 
Approved: 

Herbert  Hoover, 

Secretary. 
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Table  1. — Density '  (in  grams  "per  miUUiter)  of  mixtures  of  ethyl  alcohol  and 

water* 


Percent 
alcohol  by 

Temperature 

weight 

10*  C. 

15«C. 

20»C. 

25»C. 

30»C. 

85*  C. 

40*  C. 

0 

a99973 

a  99913 

a99623 

a90706 

a99668 

a99406 

a99225 

1 

785 

725 

636 

520 

879 

217 

034 

2 

602 

542 

453 

836 

194 

031 

.96846 

3 

426 

365 

275 

157 

014 

.96849 

663 

4 

258 

195 

108 

.96964 

.96839 

672 

485 

5 

096 

082 

.96938 

817 

670 

m 

311 

6 

96946 

.96877 

780 

656 

507 

335 

142 

7 

801 

720 

627 

500 

847 

172 

.97975 

8 

660 

584 

478 

846 

180 

000 

806 

9 

524 

442 

381 

198 

031 

.97846 

641 

10 

393 

304 

187 

048 

.97875 

685 

475 

11 

267 

171 

047 

.97807 

728 

627 

312 

12 

145 

041 

.97910 

753 

673 

871 

150 

13 

026 

.97914 

n5 

611 

494 

216 

.96969 

14 

.97911 

790 

643 

472 

278 

063 

829 

15 

800 

669 

514 

334 

133 

.96911 

670 

16 

002 

552 

387 

199 

.96990 

760 

512 

17 

588 

433 

2S0 

062 

844 

607 

352 

18 

478 

313 

189 

.96923 

697 

452 

189 

19 

363 

191 

.90997 

782 

547 

294 

023* 

20 

252 

068 

864 

689 

395 

134 

.05856 

21 

139 

.96944 

729 

495 

242 

.06073 

687 

22 

024 

818 

692 

848 

067 

809 

516 

23 

.96907 

689 

453 

199 

.95929 

643 

343 

24 

787 

558 

312 

048 

769 

476 

168 

25 

665 

424 

168 

.96895 

607 

306 

.94991 

26 

539 

287 

020 

738 

442 

138 

810 

27 

406 

144 

.95867 

576 

272 

.94955 

625 

28 

268 

.96096 

710 

410 

096 

774 

438 

29 

125 

844 

548 

241 

.94922 

590 

248 

30 

.95977 

686 

382  ' 

067 

741 

403 

055 

31 

823 

524 

212 

.94890 

557 

214 

.93860 

32 

665 

357 

038 

709 

370 

021 

662 

83 

502 

186 

.94860 

525 

180 

.03825 

461 

34 

334 

Oil 

679 

337 

.93966 

626 

257 

35 

162 

.94832 

494 

146 

790 

425 

051 

36 

.94966 

650 

306 

.08952 

501 

221 

.92843 

37 

806 

464 

114 

756 

390 

016 

634 

38 

620 

273 

.98919 

566 

186 

.92806 

422 

39 

431 

079 

720 

358 

.92979 

597 

206 

40 

238 

.93882 

518 

148 

770 

885 

.91992 

41 

042 

682 

814 

.92940 

558 

170 

774 

42 

.93842 

478 

107 

729 

344 

.91962 

554 

43 

639 

271 

.92807 

516 

128 

788 

332 

44 

433 

062 

685 

301 

.91910 

518 

108 

45 

226 

.92852 

472 

065 

692 

291 

.90684 

46 

017 

640 

257 

.91868 

472 

060 

660 

47 

.92806 

426 

041 

649 

250 

.90645 

484 

48 

593 

211 

.91828 

429 

028 

621 

207 

49 

379 

.91995 

604 

208 

.90605 

896 

.89979 

50 

162 

776 

384 

.90965 

580 

168 

750 

1  The  density  values  given  In  this  table  are  numerically  the  same  as  specific  gravities  at  the  various 
temperatures  in  terms  ofwater  at  4*  C.  as  unity. 

>  Tables  1,  2,  3,  4.  5,  6,  and  7,  of  this  circular  are  based  on  the  work  done  at  this  bureau  and  published 
in  the  Bulletin  of  the  Bureau  of  StandardSi  vol.  9,  No.  3.    (Reprint  No.  197.) 
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Table  1. — Density   (in  grams  per  miUUiter)   of  mixtures  of  ethyl  alcohol  and 

water — Continued 


Percent 

Temperature 

alcohol  by 

weight 

10*  C. 

15'C. 

20*  C. 

25*  C. 

30*  C. 

35*  C. 

40*  C. 

50 

a  92162 

a  91776 

a  91384 

a90965 

a90680 

a  90168 

a  88750 

61 

.91943 

555 

160 

760 

353 

.80940 

519 

62 

723 

333 

.90936 

534 

125 

710 

288 

53 

502 

110 

711 

307 

.89806 

479 

056 

64 

279 

.90685 

485 

079 

667 

248 

.88823 

56 

055 

659 

258 

.89650 

437 

016 

589 

56 

.90631 

433 

031 

621 

206 

.88784 

356 

67 

607 

207 

.89603 

392 

.88975 

552 

122 

68 

381 

.89980 

574 

162 

744 

319 

.87888 

59 

154 

752 

344 

.88831 

512 

065 

653 

60 

.80927 

523 

113 

699 

278 

.87851 

417 

61 

606 

293 

.88882 

466 

014 

C15 

180 

62 

468 

062 

650 

233 

.87809 

379 

.86943 

63 

237 

.88830 

417 

.87998 

574 

142 

705 

64 

006 

507 

183 

763 

337 

.86905 

466 

65 

.88774 

364 

.87948 

527 

100 

667 

227 

66 

541 

130 

713 

291 

.86863 

429 

.85067 

67 

306 

.87895 

477 

054 

625 

190 

747 

68 

074 

600 

241 

.86817 

387 

.85050 

507 

60 

.87839 

424 

004 

579 

148 

710 

266 

70 

602 

187 

.86766 

340 

.85006 

470 

025 

71 

365 

.80049 

527 

100 

667 

228 

.84783 

72 

127 

710 

287 

.86859 

426 

.84966 

540 

73 

.86888 

470 

047 

618 

184 

743 

297 

74 

648 

229 

.85806 

376 

.84941 

500 

053 

75 

406 

.86968 

564 

134 

688 

257 

.83809 

76 

168 

747 

322 

.84891 

455 

013 

564 

77 

.85027 

505 

079 

647 

211 

.83768 

319 

78 

685 

262 

.84835 

403 

.83966 

523 

074 

70 

442 

018 

590 

158 

720 

277 

.82827 

80 

197 

.84772 

344 

.83911 

473 

029 

578 

81 

.84950 

525 

096 

664 

224 

.82780 

329 

82 

702 

277 

.83848 

415 

.82974 

530 

079 

83 

453 

028 

599 

164 

724 

279 

.81828 

84 

203 

.83777 

348 

.82913 

473 

027 

576 

85 

.83951 

525 

095 

660 

220 

.81774 

322 

86 

607 

271 

.82840 

405 

.81965 

519 

067 

87 

441 

014 

583 

148 

706 

262 

.80611 

88 

181 

.82754 

323 

.81888 

448 

003 

652 

80 

.82919 

482 

062 

626 

186 

.80742 

291 

00 

654 

227 

.81797 

362 

.80922 

478 

028 

91 

886 

.81959 

529 

094 

655 

211 

.79761 

92 

114 

688 

257 

.80623 

384 

.79941 

491 

93 

.81830 

413 

.80963 

549 

111 

668 

220 

94 

561 

134 

705 

272 

.79835 

393 

.78847 

95 

278 

.80652 

424 

.79991 

555 

114 

070 

96 

.80991 

566 

138 

706 

271 

.78831 

388 

97 

098 

274 

.79646 

415 

.78961 

542 

100 

96 

399 

.79975 

547 

117 

684 

247 

.77806 

99 

094 

670 

243 

.78814 

382 

.77946 

607 

100 

.79784 

300 

.78834 

506 

075 

641 

203 
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Table  2. — Density^  (in  grama  per  tniUUiter)  of  mixtures  of  ethyl  alcohol  and  water 

at  f  0*»  C. 

[*  indicates  change  in  first  two  dedmal  places.    See  next  Iine»  column  0] 


Percent 
alcohol  by 

Tenths  of  per  cent 

weight 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

0 

0.09623 

804 

785 

766 

748 

720 

710 

602 

673 

655 

1 

636 

618 

500 

581 

562 

544 

525 

507 

480 

471 

2 

453 

435 

417 

300 

381 

363 

345 

827 

310 

292 

3 

275 

257 

240 

222 

205 

188 

171 

154 

137 

120 

4 

103 

067 

070 

053 

037 

020 

003 

•087 

•071 

•064 

6 

.08038 

022 

006 

800 

874 

850 

843 

827 

811 

706 

6 

780 

765 

740 

734 

718 

703 

688 

673 

658 

642 

7 

627 

612 

507 

582 

567 

553 

538 

523 

506 

498 

8 

478 

463 

440 

434 

410 

404 

380 

374 

360 

345 

9 

331 

316 

301 

287 

273 

258 

244 

220 

215 

201 

10 

187 

172 

158 

144 

130 

117 

103 

060 

075 

061 

11 

047 

083 

010 

006 

•002 

•078 

•064 

•051 

•037 

•023 

12 

.07010 

806 

883 

860 

855 

842 

828 

816 

801 

788 

13 

775 

761 

748 

735 

722 

700 

606 

683 

670 

657 

14 

643 

680 

617 

604 

501 

578 

565 

652 

530 

526 

15 

514 

501 

488 

475 

462 

450 

438 

425 

412 

400 

16 

387 

374 

361 

340 

.336 

323 

310 

207 

284 

272 

17 

250 

246 

233 

220 

207 

104 

181 

168 

155 

142 

18 

120 

116 

103 

080 

076 

063 

050 

087 

024 

010 

10 

.06007 

064 

071 

057 

044 

031 

017 

004 

801 

877 

20 

864 

850 

837 

823 

810 

706 

783 

760 

756 

742 

21 

720 

716 

702 

688 

675 

661 

647 

634 

620 

600 

22 

502 

578 

564 

551 

537 

523 

500 

406 

481 

467 

23 

453 

430 

425 

411 

306 

382 

368 

354 

340 

326 

24 

312 

207 

283 

260 

254 

240 

225 

211 

106 

182 

25 

168 

153 

130 

124 

100 

004 

060 

065 

050 

035 

26 

020 

005 

•000 

•075 

•050 

•044 

•020 

•014 

•898 

•883 

27 

.05867 

851 

836 

820 

805 

780 

773 

757 

742 

726 

28 

710 

604 

678 

662 

646 

630 

613 

507 

581 

565 

20 

548 

532 

516 

400 

483 

466 

450 

433 

416 

400 

30 

382 

365 

340 

332 

315 

296 

281 

264 

247 

230 

31 

212 

105 

178 

161 

143 

126 

108 

001 

074 

056 

32 

038 

020 

003 

•085 

•067 

•050 

•082 

•014 

•806 

•878 

33 

.04860 

842 

824 

806 

788 

770 

752 

734 

715 

007 

34 

670 

660 

642 

624 

605 

687 

568 

550 

531 

512 

35 

404 

475 

456 

438 

410 

400 

382 

363 

344 

325 

36 

306 

287 

268 

240 

230 

211 

102 

172 

153 

134 

37 

114 

005 

075 

056 

036 

017 

•007 

•078 

•058 

•080 

38 

.03010 

800 

870 

850 

840 

820 

800 

780 

760 

740 

30 

720 

700 

680 

660 

640 

620 

500 

570 

560 

530 

40 

518 

406 

478 

458 

437 

417 

306 

876 

356 

336 

41 

314 

204 

273 

253 

232 

212 

101 

170 

140 

120 

42 

107 

086 

065 

044 

023 

002 

•081 

•060 

•030 

•018 

43 

.02807 

876 

855 

834 

812 

701 

770 

740 

728 

707 

44 

685 

664 

642 

621 

600 

570 

657 

536 

515 

408 

45 

472 

450 

420 

408 

386 

365 

343 

322 

300 

270 

46 

257 

236 

214 

103 

171 

150 

128 

106 

085 

063 

47 

041 

010 

•007 

•076 

•054 

•032 

•010 

•880 

•867 

•845 

48 

.01823 

801 

780 

758 

736 

714 

602 

670 

648 

626 

40 

604 

582 

560 

538 

516 

404 

472 

450 

428 

406 

50 

384 

361 

330 

317 

205 

272 

250 

228 

206 

183 

1  The  density  values  given  in  this  table  are  namerically  the  same  as  spedflo  gravity  at  20^  C.  in  terms  of 
water  at  4**  C.  as  unity. 
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Table  2. — Density  {in  grama  per  miUiliter)  of  mixtures  of  ethyl  alcohol  arui  water 

at  20"*  C— Continued 

(*  indicates  change  in  first  two  decimal  places.    See  next  line,  column  0] 


Percent 

Tenths  of  per  cent 

X 

alcohol  by 

weight 

0 

1 

2 

8 

4 

5 

6 

7 

8 

0 

CO 

a01384 

861 

830 

817 

205 

272 

250 

228 

206 

188 

&1 

160 

138 

116 

008 

071 

040 

026 

004 

•081 

•060 

52 

.00086 

014 

801 

860 

846 

824 

801 

770 

756 

734 

58 

711 

680 

666 

644 

621 

508 

676 

663 

581 

606 

54 

485 

468 

440 

417 

306 

372 

340 

327 

804 

281 

65 

268 

236 

218 

100 

167 

146 

122 

000 

076 

054 

50 

081 

008 

•086 

•062 

•030 

•017 

•804 

•871 

•848 

•s? 

57 

.80803 

780 

757 

734 

711 

688 

666 

648 

620 

58 

574 

651 

628 

506 

482 

450 

436 

418 

300 

367 

50 

344 

821 

206 

275 

252 

220 

206 

188 

160 

137 

60 

113 

000 

067 

044 

021 

•008 

•076 

•051 

•028 

•006 

61 

.88882 

850 

836 

812 

780 

766 

743 

720 

606 

673 

62 

650 

620 

603 

680 

557 

638 

610 

487 

463 

440 

68 

417 

803 

370 

847 

323 

800 

2n 

263 

230 

206 

64 

183 

160 

136 

118 

060 

066 

042 

010 

•006 

•072 

65 

.87048 

025 

001 

878 

854 

831 

807 

784 

760 

787 

66 

TiZ 

680 

666 

642 

610 

606 

572 

648 

524 

601 

07 

477 

464 

430 

406 

383 

350 

836 

312 

288 

266 

68 

241 

218 

104 

170 

147 

123 

000 

076 

062 

028 

60 

004 

•081 

•067 

•083 

•000 

•886 

•862 

•838 

•814 

•700 

70 

.86766 

742 

n8 

604 

671 

647 

623 

600 

676 

651 

71 

527 

608 

470 

456 

431 

407 

383 

850 

836 

311 

72 

287 

268 

230 

216 

101 

167 

143 

no 

005 

071 

73 

047 

022 

•008 

•074 

•050 

•096 

•008 

•878 

•864 

•830 

74 

.85806 

781 

767 

788 

700 

686 

661 

636 

612 

588 

75 

564 

640 

516 

401 

467 

443 

410 

304 

370 

840 

76 

822 

207 

273 

240 

225 

200 

176 

152 

128 

103 

77 

070 

066  ' 

081 

006 

•062 

•058 

•083 

•000 

•884 

•860 

78 

.84835 

811 

787 

762 

738 

713 

680 

664 

640 

015 

79 

500 

566 

641 

617 

402 

467 

448 

418 

303 

800 

80 

344 

310 

204 

270 

245 

220 

106 

171 

146 

121 

81 

006 

072 

047 

022 

•007 

•072 

•047 

•028 

•808 

•878 

82 

.83848 

823 

708 

773 

748 

723 

608 

674 

640 

024 

83 

500 

574 

640 

623 

406 

473 

448 

423 

306 

873 

84 

348 

323 

207 

272 

247 

222 

106 

171 

146 

120 

85 

006 

070 

044 

010 

•004 

•068 

•048 

•017 

•802 

•800 

86 

.82840 

815 

780 

763 

738 

712 

686 

660 

635 

000 

87 

568 

667 

531 

506 

470 

453 

427 

401 

376 

340 

88 

323 

207 

271 

246 

210 

103 

167 

140 

114 

088 

80 

062 

086 

000 

•083 

•056 

•030 

•008 

•877 

•860 

•824 

00 

.81707 

770 

744 

717 

600 

664 

637 

610 

683 

666 

01 

520 

602 

476 

448 

421 

804 

866 

330 

812 

286 

02 

267 

230 

203 

176 

148 

120 

ogs 

066 

038 

010 

03 

.80068 

066 

028 

000 

872 

844 

817 

780 

761 

733 

04 

706 

677 

640 

621 

508 

566 

537 

500 

480 

452 

05 

434 

806 

887 

888 

810 

281 

268 

294 

106 

166 

06 

J?^ 

100 

080 

061 

022 

•003 

•068 

•084 

•006 

•876 

07 

.70646 

810 

787 

757 

727 

608 

668 

638 

606 

578 

06 

647 

617 

487 

466 

426 

306 

365 

386 

806 

274 

00 

943 

218 

182 

161 

120 

060 

060 

028 

•007 

•066 

100 

.78034 
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Cvrcfular  of  the  Bureau  of  Standards 


Tablb  Z.— Specific  gravUy  at  f5!  p,  ("iHH  C.\  of  mixtures  (by  volume)  of  ethyl 

alcohol  and  water 
(*  indicatfls  change  In  flnt  two  decimal  places.    See  next  line,  oohxmn  0] 


Percent 

Tenths  of  per  cent 

alcohol 

byvolome 

atWF. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

0 

LOOOOO 

•985 

•970 

•966 

•940 

•925 

•910 

•896 

•880 

•865 

1 

.90860 

886 

820 

806 

791 

776 

761 

747 

732 

717 

2 

703 

688 

674 

669 

645 

680 

616 

602 

687 

673 

8 

659 

645 

681 

516 

502 

488 

474 

460 

446 

432 

4 

419 

405 

891 

378 

364 

360 

336 

823 

809 

296 

5 

282 

209 

266 

242 

228 

216 

202 

189 

176 

163 

6 

160 

187 

124 

111 

096 

086 

073 

060 

047 

085 

7 

022 

009 

•997 

•984 

•972 

•960 

•947 

•985 

•928 

•911 

8 

.96809 

887 

876 

863 

861 

838 

826 

814 

803 

791 

0 

779 

767 

766 

743 

781 

720 

706 

696 

684 

672 

10 

661 

649 

687 

625 

614 

602 

600 

679 

667 

656 

11 

644 

682 

621 

609 

496 

487 

476 

464 

462 

441 

12 

480 

419 

406 

896 

385 

874 

868 

362 

341 

830 

13 

319 

808 

297 

286 

276 

264 

264 

243 

232 

221 

14 

210 

200 

190 

179 

168 

167 

147 

186 

126 

116 

l& 

104 

093 

083 

072 

062 

061 

040 

080 

010 

009 

16 

•  97998 

988 

977 

967 

966 

946 

936 

925 

916 

905 

17 

806 

885 

876 

864 

864 

844 

884 

824 

814 

804 

18 

794 

784 

774 

764 

764 

744 

734 

724 

714 

704 

IV 

604 

684 

674 

664 

664 

646 

636 

625 

616 

605 

20 

606 

566 

676 

566 

656 

546 

636 

626 

616 

606 

21 

496 

486 

476 

466 

466 

446 

436 

426 

416 

406 

22 

396 

385 

375 

366 

864 

344 

384 

824 

318 

803 

23 

293 

283 

272 

262 

262 

241 

231 

221 

210 

200 

24 

189 

179 

168 

168 

147 

137 

126 

116 

106 

095 

26 

064 

073 

063 

062 

042 

081 

090 

010 

•999 

•968 

26 

•96978 

967 

957 

946 

985 

924 

914 

903 

892 

881 

27 

870 

869 

848 

837 

826 

815 

804 

793 

782 

771 

28 

760 

749 

738 

727 

715 

704 

608 

682 

671 

669 

29 

648 

637 

625 

614 

603 

501 

660 

668 

667 

646 

80 

634 

522 

611 

499 

488 

476 

464 

463 

441 

429 

31 

418 

406 

394 

882 

870 

868 

346 

334 

321 

809 

32 

296 

284 

271 

269 

246 

234 

221 

209 

196 

183 

33 

170 

157 

144 

132 

119 

106 

093 

060 

067 

054 

34 

041 

028 

016 

002 

•988 

•975 

•962 

•948 

•986 

•921 

35 

•  96906 

894 

881 

867 

864 

840 

826 

812 

798 

784 

36 

770 

766 

742 

728, 

714 

700 

685 

671 

667 

643 

37 

628 

614 

609 

586 

570 

656 

541 

626 

512 

497 

38 

482 

467 

462 

437 

428 

408 

393 

378 

362 

347 

80 

332 

317 

302 

286 

271 

266 

240 

225 

209 

104 

40 

178 

162 

147 

131 

115 

100 

084 

068 

052 

036 

41 

020 

004 

•988 

•972 

•966 

•940 

•923 

•907 

•891 

•876 

42 

«94868 

842 

825 

809 

792 

776 

769 

743 

728 

710 

43 

093 

676 

660 

643 

626 

609 

592 

575 

558 

541 

44 

524 

807 

490 

473 

455 

438 

421 

403 

386 

369 

45 

861 

384 

316 

296 

281 

263 

245 

228 

210 

192 

46 

174 

166 

138 

120 

102 

084 

066 

048 

030 

ffli 

47 

•98993 

976 

956 

938 

920 

901 

883 

864 

846 

6!k7 

48 

806 

789 

771 

752 

733 

714 

096 

676 

667 

638 

40 

619 

600 

581 

662 

543 

623 

504 

485 

466 

446 

60 

426 

407 

887 

368 

848 

828 

309 

289 

270 

250 

Digitized  by 


Google 


Standard  Density  and  Volumetric  TaUes 


9 


Table  3. — / 


Specific  gravity  at^  F.  (^^  C.\  of  mixtures  (by  volume)  of  ethyl 
oO  \ 15 • oo      / 

alcohol  and  water — Continued 

[*  indicates  change  in  flnt  two  decimal  places.    See  next  line,  oolomn  0] 


Percent 

Tenths  of  per  cent 

alcohol 

by  volume 

atWF. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

0 

fiO 

a08426 

407 

387 

368 

348 

328 

300 

280 

270 

280 

61 

330 

210 

100 

171 

151 

131 

111 

001 

071 

061 

62 

081 

Oil 

•001 

•071 

•051 

•081 

•Oil 

•800 

•870 

•850 

53 

.02830 

810 

780 

700 

740 

728 

706 

688 

667 

647 

54 

626 

605 

665 

564 

M4 

523 

502 

482 

461 

440 

55 

410 

308 

377 

357 

336 

315 

204 

273 

252 

231 

50 

210 

188 

168 

147 

126 

105 

084 

062 

041 

020 

67 

.01000 

078 

056 

085 

014 

802 

871 

840 

827 

806 

58 

784 

762 

741 

710 

607 

675 

658 

681 

610 

688 

50 

566 

548 

521 

400 

477 

455 

483 

410 

888 

366 

eo 

344 

322 

200 

7n 

255 

232 

'210 

188 

165 

143 

61 

120 

007 

076 

062 

030 

007 

•084 

•062 

•030 

•016 

62 

.00803 

870 

847 

825 

802 

770 

756 

733 

710 

687 

63 

664 

641 

618 

505 

572 

^0 

526 

508 

480 

467 

64 

434 

411 

388 

365 

841 

818 

205 

272 

240 

226 

65 

202 

170 

155 

132 

106 

085 

061 

038 

014 

•001 

66 

.80067 

043 

020 

806 

872 

848 

825 

801 

777 

763 

67 

720 

705 

681 

657 

633 

600 

685 

561 

537 

613 

66 

480 

465 

441 

416 

802 

368 

343 

310 

205 

270 

69 

245 

220 

106 

171 

147 

122 

006 

073 

048 

024 

70 

.88000 

074 

060 

025 

000 

876 

850 

826 

801 

770 

71 

761 

725 

700 

676 

660 

625 

600 

674 

540 

624 

72 

400 

474 

448 

423 

307 

872 

346 

321 

206 

270 

73 

244 

218 

103 

167 

141 

116 

000 

064 

080 

013 

74 

.87087 

061 

985 

010 

884 

858 

832 

806 

780 

754 

76 

728 

702 

676 

650 

623 

507 

671 

645 

518 

402 

76 

465 

430 

412 

386 

850 

332 

306 

270 

262 

220 

n 

100 

172 

145 

118 

002 

066 

038 

Oil 

•084 

•067 

78 

.86020 

002 

875 

847 

820 

708 

766 

738 

711 

684 

79 

656 

620 

601 

574 

546 

518 

401 

463 

436 

408 

80 

880 

352 

324 

206 

260 

241 

218 

185 

167 

120 

81 

100 

072 

044 

015 

•087 

•050 

•081 

•002 

•874 

•846 

82 

.86817 

780 

760 

732 

703 

074 

646 

617 

588 

660 

83 

631 

602 

473 

444 

415 

386 

857 

328 

200 

270 

84 

240 

211 

181 

152 

122 

008 

063 

033 

004 

•074 

86 

OdtXdA 

014 

884 

854 

824 

704 

764 

734 

703 

673 

86 

642 

612 

681 

651 

520 

400 

450 

428 

306 

367 

87 

336 

305 

274 

243 

212 

181 

160 

110 

068 

066 

88 

025 

•004 

•062 

•030 

•800 

•867 

•835 

•803 

•771 

•730 

80 

.83707 

675 

643 

610 

578 

645 

513 

480 

447 

415 

00 

382 

340 

315 

282 

240 

216 

183 

160 

116 

083 

01 

040 

015 

•981 

•047 

•018 

•870 

•845 

•810 

•776 

•741 

02 

.82706 

670 

636 

600 

566 

620 

404 

468 

423 

387 

03 

361 

315 

270 

243 

206 

170 

133 

006 

060 

022 

04 

.81064 

047 

000 

871 

834 

706 

767 

710 

6^1 

642 

06 

603 

564 

526 

486 

446 

407 

367 

327 

287 

247 

06 

206 

165 

125 

084 

042 

001 

•060 

•018 

•876 

•834 

07 

.80702 

760 

707 

664 

620 

677 

538 

480 

445 

401 

96 

366 

311 

265 

210 

173 

127 

080 

033 

•086 

•037 

90 

.70880 

841 

702 

743 

603 

643 

508 

543 

402 

441 

100 

380 
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Oircular  of  ike  Bureau  of  Standards 


Table  4. — Temperature  corrections  to  readings  of  alcoholometers  (standard 

at  60^  F,) 

[This  table  is  calculated  from  the  same  data  on  the  thermal  expansion  of  ethyl  alcohol  as  that  from  which 
Tables  1»  2,  3,  6,  6,  and  7  are  calculated.  The  hydrometer  is  assumed  to  be  of  Jena  10^  glass.  For 
the  per  cents  not  given  between  40  and  80,  linear  interpolation  of  the  tabulated  corrections  wiU  giye 
results  sufficiently  exact  for  most  purposes] 


Observed 

Observed  per  cent  alcohol  by  volume 

tempera- 
ture in 

Fahren- 

0 

1 

2 

8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

heit 

Add  to  observed  per  cent  alcohol 

50 
61 
52 
68 
64 

66 
66 

67 
68 
60 

a37 
.34 
.32 
.20 
.26 

.22 
.18 
.14 
.00 
.05 

a88 

.36 
.82 
.30 
.26 

.22 
.18 
.14 
.10 
.05 

aso 

.36 
.88 
.80 
.26 

.28 
.18 
.14 
.10 
.05 

a4o 

.87 
.84 
.81 
.27 

.28 
.18 
.14 
.10 
.05 

a42 

.39 
.36 
.82 
.28 

.24 

.19 
.14 
.10 
.06 

a  45 
.41 
.38 
.34 
.29 

.25 
.20 
.15 
.10 
.05 

a48 
.44 
.40 
.86 
.82 

.27 
.22 
.17 
.11 
.06 

a  52 

.47 
.43 
.89 
.34 

.29 
.24 
.18 
.12 
.06 

a56 
.61 
.47 
.42 
.86 

.81 
.25 
.19 
.18 
.06 

a  61 
.56 
.61 
.46 
.40 

.34 
.28 
.21 
.14 
.07 

a66 
.61 
.65 
.49 
.48 

.37 
.30 
.23 
.16 
.06 

a  74 
.68 
.62 
.66 
.48 

.40 
.83 
.26 
.16 
.06 

a  81 

.76 
.68 
.60 
.62 

.44 

.36 
.27 

.18 
.00 

Subtract  from  observed  per  cent  alcohol 

61 
62 
63 
64 
65 

66 
67 
68 
60 
70 

?, 

76 

ao5 

.10 
.16 
.22 
.28 

.34 
.41 
.48 
.55 
.62 

.77 
.93 

ao6 

.11 

:X 

.29 

.36 
.42 
.48 
.66 
.68 

.78 
.04 
1.10 
1.28 
1.46 

t64 
1.84 

ao6 

.12 
.18 
.24 
.30 

.36 
.43 
.60 
.67 
.64 

.80 
.96 
tl3 
1.31 
1.60 

1.69 
1.89 
2.09 
2.30 
2.52 

2.74 
2.97 

ao6 

.12 
.19 
.25 
.82 

.88 
.46 
.62 
.59 
.67 

.83 
1.00 
1.17 
1.35 
1.54 

1.74 
1.94 
2.15 
2.37 
2.69 

2.82 
3.04 
3.28 
3.52 
3.76 

ao7 

.13 
.20 
.26 
.33 

.40 
.47 
.64 
.62 
.70 

.86 
1.03 
1.21 
1.40 
1.60 

t80 
2.00 
2.22 
2.44 
2.66 

2.89 
3.12 
3.36 
3.60 
8.86 

a  07 
.14 
.20 
.27 
.84 

.42 
.60 

.67 
.66 
.74 

.90 
1.09 
1.27 
1.46 
1.66 

1.87 
2.08 
2.30 
Z53 
2.76 

3.00 
3.24 
3.49 
3.74 
4.00 

a  07 
.14 
.21 
.29 
.36 

.44 
.52 
.60 
.68 
.77 

.94 
1.13 
1.32 
L62 
1.73 

1.94 
2.16 
2.39 
2.62 
2.86 

ail 

3.36 
3.62 
3.88 
4.15 

ao6 

.16 
.23 
.31 
.39 

.47 

.55 
.64 
.73 
.81 

.99 
1.18 
1.38 
1.59 
1.80 

2.02 
2.26 
2.49 
2.73 
2.98 

3.24 
3.50 
3.76 
4.03 
4.30 

ao8 

.16 
.24 
.32 
.41 

.60 
.58 
.67 
.76 
.86 

1.04 
1.26 
1.46 
1.67 
1.80 

2.12 
2.36 
2L60 
2.86 
3.11 

3.37 
3.68 
3.90 
4.17 
4.46 

ao6 

.17 
.25 
.34 
.43 

.62 
.61 

.n 

.80 
.90 

1.10 
1.32 
1.54 
1.76 
1.99 

2.22 
2.47 
2.72 
2.98 
a24 

a  51 
a  78 
4.05 
4.32 
4.60 

aoe 

.18 
.27 
.37 
.46 

.66 
.66 
.76 
.86 
.96 

1.16 
1.39 
1.61 
1.84 
209 

2.34 
2.59 
2.84 
a  10 
a36 

a64 
a92 

4.20 
4.60 

4.78 

a  10 

.20 
.29 
.39 

.50 
.70 
.80 
.91 
1.02 

1.23 
1.46 
1.70 

78 

1.94 

80 

2.20 

82 

2.46 

84 

2.71 

86 

2.97 

88 

a23 

90 

aso 

92 

a78 

94 

4.07 

96 

4.36 

98 

4.66 

100 

....... 

....••. 

....... 

i.05 
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Tablb  4. — Temperaiure  earrecHana  to  readings  of  olcoholometerB  (ttandard 
at  60""  F.)— Continued 


Observed  per  cent  aloobol  by  volume 

Observed 

temper- 

1 

ature  in 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

dflsreee 

Fanren- 

1 

belt 

Add  to  observed  per  cent  aloobol 

60 

0.90 

a99 

1.09 

1.19 

1.80 

1.41 

1.62 

1.62 

1.72 

1.82 

1.00 

1.96 

61 

.82 

.90 

.99 

1.06 

1.18 

1.28 

1.38 

1.47 

1.56 

1.64 

1.71 

1.79 

62 

.74 

.80 

.89 

.96 

1.06 

1.14 

1.23 

1.31 

1.38 

1.46 

1.62 

1.68 

63 

.66 

.71 

.78 

.86 

.94 

1.00 

1.08 

1.16 

1.21 

1.28 

1.34 

1.39 

64 

.67 

.62 

.68 

.74 

.81 

.86 

.04 

.00 

1.04 

1.10 

1.15 

1.20 

66 

.48 

.62 

.67 

.62 

.68 

.72 

.78 

.83 

.87 

.02 

.06 

1.00 

60 

.88 

.42 

.46 

.49 

.54 

.68 

.63 

.67 

.60 

.74 

.77 

.80 

67 

.20 

.82 

.86 

.37 

.40 

.44 

.47 

.51 

.63 

.66 

.68 

.60 

68 

.19 

.21 

.23 

.24 

.26 

.29 

.32 

.34 

.36 

.38 

.40 

.40 

60 

.10 

.11 

.12 

.12 

.13 

.14 

.16 

.17 

.18 

.10 

.20 

.20 

Subtn 

act  from 

observed  per  cent  alcobol 

61 

a  10 

0.11 

0.12 

0.13 

a  14 

a  14 

a  15 

a  16 

0.17 

0.17 

a  18 

0.18 

«2 

.21 

.22 

.24 

.26 

.27 

.29 

.30 

.32 

.34 

.36 

.37 

.38 

63 

.31 

.82 

.36 

.38 

.41 

.44 

.46 

.40 

.51 

.63 

.66 

.66 

64 

.42 

.44 

.48 

.62 

.54 

.58 

.62 

.66 

.68 

.71 

.•74 

.77 

65 

.62 

.66 

.60 

.66 

.68 

.73 

.78 

.82 

.85 

.00 

.02 

.96 

66 

.63 

.66 

.71 

.77 

.82 

.88 

.04 

.06 

1.02 

1.07 

1.11 

1.16 

67 

.74 

.78 

.84 

.90 

.96 

1.08 

1.10 

1.16 

1.20 

1.26 

1.30 

1.35 

68 

.86 

.91 

.97 

1.03 

1.10 

1.18 

1.26 

1.33 

1.38 

1.44 

1.40 

1.54 

60 

.97 

1.02 

LIO 

1.17 

1.25 

1.33 

1.42 

1.48 

1.64 

1.61 

1.66 

1.72 

70 

1.08 

1.14 

1.23 

1.31 

1.40 

1.40 

1.58 

1.66 

1.72 

1.78 

1.84 

1.91 

72 

1.31 

1.89 

1.60 

1.60 

1.70 

1.80 

1.00 

2.00 

2.06 

2.13 

2.20 

2.27 

74 

1.66 

1.66 

1.76 

1.88 

1.99 

2.10 

2.22 

2.32 

2.41 

2.48 

2.56 

2.66 

76 

1.80 

1.91 

2.03 

2.16 

2.28 

2.41 

2.64 

2.65 

2.76 

2.84 

2.93 

3.03 

78 

2.06 

2.17 

2.30 

2.44 

2.58 

2.72 

2.86 

2.08 

3.10 

3.20 

3.30 

3.40 

80 

2.31 

2.44 

2.68 

2.72 

2.87 

3.02 

3.17 

3.33 

3.45 

3.66 

3.67 

3.78 

82 

2.67 

2.71 

2.86 

3.00 

3.16 

3.33 

3.60 

3.66 

3.70 

3.02 

4.04 

4.18 

84 

2.84 

2.98 

3.13 

3.29 

3.46 

3.63 

3.81 

4.00 

4.14 

4.28 

4.42 

4.66 

86 

3.11 

3.26 

3.41 

3.58 

3.76 

3.94 

4.13 

4.33 

4.40 

4.66 

4.80 

4.94 

88 

3.38 

3.64 

3.70 

3.88 

4.07 

4.26 

4.46 

4.67 

4.84 

6.00 

6.17 

5.82 

90 

3.66 

3.83 

4.00 

4.18 

4.38 

4.58 

4.78 

6.01 

6.10 

6.36 

5.53 

5.69 

02 

3.94 

4.11 

4.29 

4.48 

4.60 

4.90 

6.12 

6.35 

6.64 

6.72 

5.90 

6w07 

94 

4.23 

4.40 

4.68 

4.79 

5.00 

6.22 

5.46 

6.60 

5.80 

6.08 

6.28 

6.45 

96 

4.63 

4.69 

4.87 

6.10 

5.32 

5.66 

6.80 

6.03 

6.24 

6.44 

6w64 

6w82 

98 

4.83 

6.00 

6.18 

6.41 

5.64 

5.88 

6.13 

6.38 

6.60 

6.80 

7.02 

7.20 

100 

6.13 

6.80 

5.49 

6.72 

5.96 

6.21 

6.46 

6.72 

6w05 

7.17 

7.40 

7.59 
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Circular  of  the  BureoAi  of  Standards 


Tablb  4. — Temperature  correctiona  to  readinga  of  alcoholometera  (standard 
at  60''  F.)— Continued 


Observed  per  cent  alcohol  by  volume 

Observed 

tempera- 

ture in 

25 

26 

27 

28 

20 

30 

31 

32 

33 

34 

35 

degrees 

Fahrenheit 

Add  to  observed  per  cent  alcohol 

50 

2.06 

2.12 

2.18 

2.24 

2.28 

2.31 

2.32 

2.32 

2.32 

2.31 

Z20 

51 

1.85 

100 

L06 

2.02 

2.05 

2.08 

2.10 

2.00 

2.00 

2.06 

2.07 

52 

1.64 

LOO 

L74 

L78 

L82 

L84 

L85 

L86 

L86 

L85 

L84 

53 

L44 

1.48 

L62 

L56 

L68 

LOO 

LOl 

L62 

L63 

L62 

LOl 

54 

1.24 

1.27 

L30 

L34 

L36 

L36 

L38 

L30 

L40 

L38 

L38 

55 

1.03 

LOO 

L08 

LIO 

L12 

L13 

L14 

L16 

L16 

L15 

L15 

66 

.82 

.85 

.87 

.80 

.00 

.00 

.01 

.02 

.02 

.02 

.02 

57 

.62 

.64 

.65 

.66 

.67 

.67 

.68 

.60 

.70 

.60 

.60 

58 

.41 

.42 

.43 

.44 

.44 

.44 

.45 

.46 

.46 

.46 

.46 

50 

.21 

.21 

.21 

.22 

.22 

.22 

.22 

.22 

.23 

.23 

.23 

Subtract  from  observed 

per  cent  alcohol 

61 

a  10 

a20 

0.20 

a  21 

a22 

a23 

a23 

0.23 

a23 

a23 

a23 

62 

.30 

.40 

.41 

.42 

.44 

.46 

.46 

.46 

.46 

.46 

.46 

63 

.50 

.60 

.62 

.64 

.66 

.68 

.68 

.68 

.68 

.68 

.68 

64    « 

.70 

.80 

.83 

.86 

.88 

.01 

.01 

.91 

.01 

.01 

.01 

65 

.00 

LOO 

L04 

LOS 

LIO 

L12 

L13 

L13 

L14 

L14 

L14 

66 

LIO 

L21 

L25 

L30 

L32 

L36 

L36 

L36 

L36 

L3« 

L36 

67 

1.30 

L41 

L45 

L50 

L54 

L57 

L58 

L50 

L60 

LOO 

L60 

68 

1.68 

L64 

L68 

L72 

L76 

L70 

L80 

L81 

L82 

L82 

L82 

60 

1.77 

L82 

1.86 

LOl 

L06 

2.00 

2.02 

2.03 

2.04 

2.04 

2.04 

70 

L07 

2.02 

2.08 

2.12 

2.18 

2.22 

2.24 

2.26 

2.27 

2.27 

2.27 

72 

2.36 

2.42 

2.48 

2.54 

2.60 

2.66 

2.68 

2.70 

2.71 

2.72 

2.72 

74 

2.74 

2.81 

2.88 

2.06 

3.04 

3.10 

3.12 

3.15 

3.16 

3.18 

3.18 

76 

3.14 

3.21 

3.30 

3.38 

3.46 

3.52 

3.56 

3.58 

3.60 

3.63 

3.64 

78 

3.61 

3.61 

3.70 

3.78 

3.86 

3.05 

3.00 

4.03 

4.06 

4.08 

4.00 

80 

3,00 

4.00 

4.10 

4.10 

4.28 

4.37 

4.42 

4.48 

4-51 

4.53 

4.54 

82 

4.20 

4.40 

4.60 

4.60 

4.70 

4.80 

4.86 

4.01 

4.05 

4.08 

5.00 

84 

4.68 

4.80 

4.01 

5.02 

6.12 

5.24 

5.30 

5.35 

5.40 

5.42 

5.44 

86 

5.07 

5.20 

5.32 

5.44 

5.54 

5.64 

6.72 

5.70 

6.84 

6.88 

5.00 

88 

5.46 

6.60 

5.72 

5.84 

5.05 

6.06 

6.14 

6.20 

6.26 

6.31 

6.34 

00 

5.84 

5.08 

6.12 

6.24 

6.36 

6.46 

6.55 

6.62 

6.68 

6.74 

6.78 

02 

6.23 

6.38 

6.52 

6.66 

6.77 

6.87 

6.07 

7.04 

7.12 

7.18 

7.22 

04 

6.62 

6.78 

6.03 

7.06 

7.18 

7.20 

7.38 

7.47 

7.54 

7.61 

7.66 

06 

7.00 

7.17 

7.32 

7.46 

7.60 

7.71 

7.82 

7.00 

7.08 

8.06 

8.10 

08 

7.40 

7.67 

7.72 

7.87 

8,01 

8.12 

8.24 

8.33 

8.42 

8.60 

8.54 

100 

7.78 

7.06 

8.12 

8.28 

a  42 

8.55 

8.68 

8.76 

8.84 

&03 

0.00 
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Tablb  4. — TempercUure  correciums  to  readings  of  alcoholometerB  {standard 
at  6CP  F.)-~Continued 


Observed  per  cent  alcohol  by  volume 

Observed 

tempera- 

tore  in 

36 

37 

38 

39 

40 

46 

60 

55 

60 

65 

70 

degrees 

Fahrenheit 

Add  to  obaerved  per  ^nt  alcohol 

50 

2.28 

2.27 

2.26 

2.25 

2.24 

2.14 

2.04 

1.98 

1.90 

1.85 

1.78 

51 

2.06 

2.04 

2.03 

2.03 

2.02 

1.91 

1.84 

1.78 

L71 

L66 

1.60 

62 

1.82 

1.80 

L80 

1.80 

1.79 

1.71 

1.64 

1.58 

1.62 

1.47 

1.42 

53 

1.60 

1.68 

1.68 

1.68 

1.66 

1.60 

1.44 

L38 

L33 

L29 

L26 

54 

1.37 

L36 

L36 

L36 

L84 

1.26 

L23 

L19 

L14 

Lll 

1.06 

55 

L14 

L13 

L13 

L13 

Lll 

L06 

L02 

.99 

.96 

.02 

.90 

50 

.91 

.90 

.90 

.90 

.89 

.86 

.81 

.79 

.76 

.74 

.72 

57 

.68 

.67 

.68 

.68 

.67 

.64 

.61 

.69 

.57 

.66 

.54 

68 

.46 

.46 

.46 

.46 

.46 

.42 

.40 

.39 

.39 

.88 

.36 

59 

.23 

.23 

.28 

.23 

.23 

.21 

.20 

.20 

.19 

.18 

.18 

Subtract  from  observed  per  cent  alcohol 

61 

a23 

a28 

a23 

a23 

a23 

a22 

a  21 

a20 

a20 

a  18 

a  18 

62 

.46 

.46 

.46 

.46 

.46 

.44 

.42 

.40 

.39 

.88 

.36 

63 

.68 

.68 

.68 

.68 

.68 

.66 

.62 

.60 

.68 

.66 

.64 

64 

.92 

.92 

.91 

.90 

.90 

.87 

.84 

.81 

.78 

.76 

.72 

65 

L14 

L14 

1.13 

1.12 

L12 

1.09 

1.06 

LOl 

.97 

.94 

.M 

66 

1.37 

L30 

L30 

L36 

L34 

1.30 

1.25 

1.21 

1.17 

L13 

LOO 

67 

L60 

L60 

L60 

L68 

L66 

1.62 

1.46 

L41 

L37 

1.32 

L27 

68 

1.82 

L82 

1.81 

L80 

1.79 

1.74 

L66 

L61 

L66 

L60 

L46 

69 

2.04 

2.08 

Z03 

2.03 

2.01 

1.96 

1.88 

1.81 

1.75 

L09 

L63 

70 

2.27 

2.27 

2.26 

2.26 

2.24 

2.17 

2.09 

2L02 

1.96 

1.88 

L82 

72 

2.72 

X72 

2.72 

2.70 

2.68 

2.61 

2.51 

2.42 

2.34 

Z26 

Z18 

74 

3.18 

3.17 

3.17 

3.16 

3.14 

3.04 

2.93 

2.83 

Z73 

Z66 

2.66 

76 

3.63 

3.62 

3.62 

3.60 

3.68 

3.47 

3.36 

3.24 

3.13 

3.03 

2.93 

78 

4.09 

4.06 

4.07 

4.06 

4.02 

3.92 

3.78 

3.64 

3.63 

3.42 

3.30 

80 

4.64 

4.63 

4.52 

4.60 

4.48 

4.36 

4.20 

4.06 

a93 

3.80 

3.68 

82 

6.00 

4.96 

4.96 

4.96 

4.94 

4.81 

4.63 

4.47 

4.33 

4.19 

4.06 

84 

&46 

6.44 

6.43 

6.40 

6.38 

5.26 

6.06 

4.88 

4.73 

4.68 

4.44 

86 

6.90 

6.80 

6.88 

6.86 

6.84 

5.70 

6.49 

6.30 

6.14 

4.98 

4.82 

88 

6.36 

6w34 

6w33 

6w31 

6.29 

6.14 

6.92 

6.72 

6.64 

6.37 

6.20 

90 

6w80 

6.80 

6.78 

6.76 

6.78 

6.58 

6.36 

6.14 

6.96 

6.76 

5.59 

92 

7.26 

7.26 

7.22 

7.20 

7.18 

7.03 

6.80 

6.66 

6.36 

6wl6 

5.96 

94 

7.70 

7.70 

7.67 

7.66 

7.63 

7.48 

7.24 

6.98 

6.77 

6w56 

6.37 

96 

8.14 

&16 

8.12 

8.11 

8.06 

7.92 

7.68 

7.40 

7.19 

6.96 

6.76 

98 

&68 

8.60 

8.58 

8.56 

8.64 

8.36 

8.11 

7.82 

7.60 

7.36 

7.16 

100 

9.03 

9.04 

9.03 

9.01 

&98 

8.81 

8.46 

8.26 

8.02 

7.76 

7.54 
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Circular  of  the  Bureau  of  Standards 


Tablb  4. — Temperature  correctione  to  readings  of  alcoholometere  (eUmdard 
at  60''  F.)— Continued 


Observed  per  cent  alcohol  by  volume 

Observed 

tempera- 

ture in 

75 

80 

81 

82 

83 

84 

85 

86 

87 

88 

80 

degrees 

Fahrenbeit 

4dd  to  observed  per  cent  alcohol 

60 

1.71 

1.63 

1.62 

1.60 

1.58 

1.66 

1.63 

1.51 

1.48 

1.46 

1.43 

51 

1.54 

1.47 

1.46 

1.44 

1.42 

1.40 

1.38 

1.36 

1.33 

1.31 

1.28 

52 

1.36 

1.80 

1.30 

1.28 

1.26 

1.24 

1.22 

1.20 

1.18 

L16 

1.14 

53 

1.20 

1.15 

1.14 

1.12 

1.11 

1.00 

1.07 

1.06 

L04 

1.02 

1.00 

54 

1.04 

.96 

.98 

.96 

.06 

.94 

.92 

.91 

.80 

.88 

.80 

55 

.87 

.82 

.81 

.80 

.79 

.78 

.76 

.76 

.74 

.74 

.72 

50 

.70 

.66 

.66 

.64 

.68 

.62 

.61 

.60 

.60 

.68 

.67 

57 

.53 

.49 

.49 

.49 

.48 

.47 

.46 

.40 

.46 

.44 

.43 

58 

.34 

.32 

.32 

.32 

.31 

.30 

.30 

.30 

.30 

.29 

.28 

59 

.17 

.16 

.16 

.16 

.16 

.15 

.16 

.16 

.16 

.16 

.14 

Subtract  from  observed  per  cent  alcohol 

61 

a  17 

a  17 

a  17 

a  16 

a  16 

a  10 

a  16 

a  16 

a  16 

a  16 

0.16 

62 

.34 

.34 

.34 

.32 

.32 

.32 

.32 

.31 

.31 

.81 

.30 

63 

.62 

.50 

.50 

.48 

.48 

.48 

.48 

.47 

.46 

.40 

.44 

64 

.70 

.68 

.66 

.65 

.66 

.64 

.63 

.62 

.61 

.60 

.60 

65 

.86 

.84 

.82 

.82 

.81 

.80 

.79 

.78 

.77 

.76 

.74 

66 

1.06 

LOO 

.99 

.98 

.97 

.96 

.94 

.03 

.92 

.90 

.88 

67 

1.22 

1.17 

1.16 

1.14 

1.13 

1.12 

1.10 

1.09 

1.08 

1.06 

1.02 

68 

1.40 

1.33 

1.32 

1.31 

1.29 

1.28 

L26 

1.24 

1.22 

1.20 

1.17 

69 

1.57 

1.60 

1.49 

L47 

1.46 

1.44 

1.42 

1.40 

1.38 

1.36 

1.32 

70 

1.75 

1.68 

1.66 

1.64 

1.62 

1.60 

1.68 

1.66 

1.64 

1.61 

1.48 

72 

2.10 

2.02 

2.00 

1.97 

1.96 

1.93 

1.90 

1.88 

1.85 

1.82 

1.78 

74 

2.46 

2.36 

2L34 

2.30 

2.28 

2.26 

2.24 

Z20 

2.17 

2.13 

2.09 

76 

2.81 

2L70 

2.68 

2.64 

2.61 

2.59 

2.66 

2.62 

2.48 

2.44 

2.40 

78 

3.18 

3.04 

3.02 

2.98 

2.94 

2.92 

2.88 

2.84 

2.80 

2.76 

2.71 

80 

3.54 

3.38 

3.36 

3.32 

3.28 

3.28 

3.22 

3.17 

3.13 

3.06 

3.02 

82 

3.90 

3.72 

3.71 

3.66 

3.62 

3.59 

3.54 

3.50 

3.45 

3.40 

3.33 

84 

4.27 

4.08 

4.06 

4.00 

3.96 

3.92 

3.88 

3.83 

3.77 

3.72 

3.65 

86 

4.64 

4.43 

4.39 

4.35 

4.30 

4.26 

4.21 

4.16 

4.10 

4.04 

3.96 

88 

5.00 

4.78 

.  4.75 

4.70 

4.65 

4.60 

4.56 

4.50 

4.44 

4.37 

4.29 

90 

5.37 

5.14 

5.10 

5.06 

5.00 

4.96 

4.88 

4.83 

4.77 

4.70 

4.61 

92 

5,75 

5.60 

5.46 

5.42 

5.36 

6.30 

5.23 

6.18 

5.10 

6.03 

4.94 

94 

6.12 

5.86 

5.81 

6.76 

5.70 

5.64 

5.58 

6.61 

5.44 

5.36 

5.26 

96 

6.50 

6.23 

6.17 

6.12 

6.06 

6.99 

5.92 

5.86 

5.78 

5.69 

5.50 

98 

6.88 

6.60 

6.50 

6.48 

6,41 

6.34 

6.26 

6.20 

6.11 

6.02 

5.92 

.100 

7.28 

6.96 

6.89 

6.84 

6.76 

6.70 

6.61 

6.54 

6.44 

6.36 

6.26 
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Tablb  4. — Temperature  eorreetume  io  readings  of  dteoholometere  (standard 
at  6(f  F.)— Continued 


Obterved  per  cent  alcohol  by  rolame 

Obserred 

tempera- 

ture In 

00 

01 

02 

03 

04 

05 

06 

97 

08 

00 

100 

^degrees^ 

Add  to  observed  per  cent  alcohol 

60 

1.30 

1.36 

1.32 

1.27 

1.22 

1.17 

1.12 

1.06 

aoo 

aoB 

51 

1.26 

1.22 

1.18 

1.14 

1.10 

1.06 

1.01 

.95 

.80 

.84 

62 

1.12 

1.00 

1.06 

1.02 

.08 

.04 

.90 

.85 

.70 

.74 

68 

.08 

.06 

.93 

.00 

.86 

.83 

.70 

.74 

.70 

.66 

64 

.84 

.82 

.80 

,n 

.74 

.72 

.68 

.64 

.60 

.56 

55 

.70 

.60 

.66 

.64 

.62 

.60 

.67 

.53 

.50 

.47 

6« 

.56 

.65 

.53 

.52 

.40 

.48 

.45 

.43 

.40 

.38 

67 

.42 

.41 

.40 

.30 

.37 

.36 

.34 

.32 

.30 

.20 

68 

.28 

.27 

.26 

.26 

.24 

'.24 

.23 

.21 

.20 

.10 

60 

.14 

.14 

.13 

.13 

.12 

.12 

.12 

.11 

.10 

.10 

Sabtract  from  obeerved  per  cent  alcohol 

61 

a  16 

a  14 

a  14 

a  13 

a  13 

a  12 

a  12 

ail 

a  10 

a  10 

aoo 

82 

.20 

.28 

.27 

.26 

.26 

.24 

.23 

.22 

.21 

.10 

.18 

63 

.43 

.42 

.41 

.30 

.38 

.36 

.36 

.83 

.31 

.20 

.27 

64 

.68 

.56 

.64 

.52 

.51 

.40 

.46 

.44 

.41 

.30 

.36 

65 

.72 

.70 

.68 

.66 

.64 

.61 

.58 

.65 

.62 

.40 

.46 

66 

.80 

.84 

.82 

.70 

.76 

.78 

.70 

.67 

.63 

.50 

.55 

67 

1.00 

.08 

.96 

.93 

.00 

.86 

.82 

.78 

.74 

.70 

.64 

68 

1.16 

1.12 

1.00 

1.06 

1.02 

.08 

.04 

.90 

.85 

.80 

.74 

09 

1.30 

1.26 

1.23 

1.20 

1.16 

1.10 

1.06 

1.02 

.06 

.00 

.84 

70 

1.46 

1.41 

1.37 

1.34 

1.20 

1.23 

1.10 

1.14 

1.07 

1.00 

.04 

72 

1.74 

1.70 

1.66 

1.61 

1.55 

1.40 

1.43 

1.37 

1.30 

1.22 

1.13 

74 

2.06 

2.00 

1.04 

1.89 

1.82 

1.75 

1.60 

1.61 

1.53 

1.43 

1.33 

76 

2.36 

2.20 

2.23 

2.17 

2.00 

2.01 

1.94 

1.85 

1.76 

1.65 

1.53 

78 

2.65 

2.50 

2.52 

2.46 

2.36 

2.28 

2.20 

2.10 

2.00 

1.87 

1.73 

80 

Z06 

2.80 

2.82 

2.74 

2.64 

2.56 

Z46 

2.35 

2.24 

2.00 

1.93 

82 

3.26 

3.20 

3.12 

3.03 

2.02 

2.84 

2.72 

2.60 

2.48 

2.32 

2.14 

84 

3.57 

3.50 

3.30 

3.32 

3.21 

3.10 

2.96 

2.86 

2.73 

2.56 

2.36 

86 

3.80 

3.80 

3.72 

3.62 

3.51 

3.38 

3.26 

3.13 

2.98 

2.80 

2.58 

88 

4.20 

4.12 

4.02 

3.91 

3.80 

3.66 

3.54 

3.39 

3.24 

3.06 

2.81 

00 

4.52 

4.42 

4.32 

4.20 

4.06 

3.04 

3.81 

3.66 

3.50 

3.30 

3.03 

02 

4.84 

4.74 

4.62 

4.60 

4.38 

4.28 

4.10 

3.93 

3.76 

3.55 

3.26 

94 

5.16 

5.06 

4.94 

4.80 

4.67 

4.52 

4.38 

4.20 

4.02 

3.80 

3.50 

00 

5.40 

5.80 

5.26 

5.11 

4.07 

4.82 

4.67 

4.48 

4.29 

4.06 

3.73 

08 

5.82 

5.70 

5.56 

5.42 

5.27 

5.12 

4.96 

4.76 

4.55 

4.31 

3.96 

100 

6.15 

6.02 

5.88 

5.74 

6.58 

5.42 

5.24 

5.04 

4.82 

4.56 

4.21 

106396^— 24t 2 
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Table  5. — Percentages  f>y  volume  at  60°  F.,  corresponding  to  variotis  percentages 
by  weight  in  mixtures  of  ethyl  alcohol  and  water 


Per  cent 

Tenths  of  per  cent 

alcohol 

by 

weight 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

0 

aooo 

a  126 

a  262 

a  378 

a604 

a  630 

a  756 

a  881 

1.007 

L132 

1 

1.267 

1.382 

1.508 

1.633 

1.759 

1.884 

2.009 

2.134 

2.260 

2385 

2 

2.610 

2.636 

2.760 

2.886 

8.010 

3.136 

8.259 

8.384 

8.609 

3.633 

8 

3.768 

3.883 

4.007 

4.132 

4.266 

4.381 

4.506 

4.629 

4.764 

4.878 

4 

6.002 

6.126 

6.260 

5.374 

5.499 

6.623 

6.747 

6.871 

6.995 

a  110 

5 

6.243 

6.387 

6.491 

a  614 

6.738 

a862 

6.986 

7.109 

7.232 

7.356 

6 

7.479 

7.602 

7.726 

7.849 

7.972 

8.006 

8.219 

8.342 

8.466 

8.589 

7 

8.712 

8.835 

8.968 

9.081 

9.205 

9.328 

9.451 

9.574 

9.697 

9.820 

8 

9.943 

ia066 

iai89 

ia3ii 

ia434 

ia657 

la  679 

ia802 

ia925 

11.047 

0 

1L169 

11.292 

11.414 

1L636 

11.669 

11.781 

11.904 

12.026 

12.149 

12.271 

10 

12.393 

12.615 

12.637 

12.760 

12.882 

13.004 

13.126 

13.248 

13.370 

13.492 

11 

13. 613 

13.735 

13.857 

13.979 

14. 101 

14.223 

14.346 

14.466 

14.688 

14.710 

12 

14,832 

14-954 

15.076 

15.  197 

15. 319 

16.440 

16.662 

15.683 

15.806 

16.926 

13 

16.047 

16.168 

16.290 

16.411 

16.532 

16.664 

ia775 

ia896 

17.017 

17.138 

14 

17.269 

17.380 

17.601 

17.622 

17. 743 

17.864 

17.986 

18.106 

18.227 

18.348 

16 

18.469 

18.690 

18.711 

18.832 

18.962 

19.073 

19.194 

19. 316 

19.436 

19.556 

16 

19. 676 

19. 797 

19.917 

20.038 

20.158 

20.279 

2a  399 

2a  619 

2a  640 

2a  760 

17 

2a  880 

21.000 

21.120 

21.241 

21. 361 

21. 481 

21.601 

21. 721 

21.841 

21.961 

18 

22.081 

22.201 

22.321 

22.441 

22.561 

22.680 

22.800 

22.919 

23.039 

23.150 

19 

23.278 

23.398 

23.617 

23.636 

23.756 

23,876 

23.996 

24.114 

24.231 

24.363 

20 

24.472 

24.501 

24. 710 

24.829 

24.949 

26.068 

25.187 

25.305 

25.424 

26.543 

21 

25.662 

26.781 

25.900 

26.018 

26.137 

26.256 

2a  375 

2a  493 

2a  612 

2a  730 

22 

26.849 

26.968 

27.086 

27.204 

27.323 

27.441 

27.  559 

27.677 

27.796 

27.914 

23 

28.032 

28.150 

28.268 

28.386 

28.504 

28.622 

28.740 

28.858 

28.976 

29.093 

24 

29.210 

29.328 

29.446 

29.563 

29.681 

29.799 

29.917 

3a  035 

3a  162 

3a  270 

25 

30.388 

30.605 

3a  622 

8a739 

3a  855 

30.972 

31.069 

31.205 

31.322 

31.438 

26 

31.566 

31.672 

31.788 

31.905 

32.021 

32.138 

32.254 

32.370 

32.487 

32.603 

27 

32.719 

32.836 

32.961 

83.068 

83.184 

33.300 

33.416 

33.532 

33.647 

33.763 

28 

33.879 

33.995 

34.111 

34.227 

34.342 

34.458 

34.573 

34.688 

34.803 

34.918 

29 

36.033 

35.148 

36.263 

36.378 

35.493 

35.608 

35.723 

35.838 

35.052 

3a  066 

30 

36.181 

36.296 

36.410 

86.524 

36.639 

36.763 

3a  867 

3a  981 

37.096 

37.209 

81 

37.323 

37. 437 

37.551 

37.664 

37. 778 

37.  892 

38.005 

38. 119 

38.232 

38.346 

32 

38.459 

38.672 

38.686 

38.799 

38.912 

39.  025 

39. 138 

39.251 

39.364 

39.477 

33 

39.590 

39.703 

39. 816 

39.928 

40.041 

4a  154 

40.266 

40.379 

4a  492 

4a  604 

34 

4a  716 

4a  828 

40.940 

41.052 

41.163 

41.275 

4L386 

4L498 

4L609 

41.721 

36 

41.832 

41.943 

42.066 

42.166 

42.277 

42.389 

42.600 

42.611 

42.722 

42.833 

36 

42.944 

43.055 

43.165 

43.276 

43.387 

43. 498 

43.608 

43.719 

43.829 

43.939 

37 

44.050 

44.160 

44.270 

44.381 

44.490 

44.600 

44.710 

44.820 

44.930 

45.039 

38 

45. 149 

45.259 

45.368 

46.478 

45.587 

45. 696 

45.806 

45.  915 

4a  024 

4a  133 

39 

46.242 

46.361 

46.460 

46.669 

46.678 

46.786 

4a  896 

47.003 

47. 112 

47.220 

40 

47.328 

47.436 

47.544 

47.652 

47.760 

47.868 

47. 976 

48.084 

48.192 

4&299 

41 

48.407 

48.615 

48.622 

48.730 

4a  837 

48.945 

49.052 

49. 159 

49.266 

49.373 

42 

49. 480 

49.587 

49.694 

49.801 

49.907 

5a  014 

6a  120 

50.226 

50.333 

6a  439 

43 

6a  646 

60.651 

6a  757 

60.864 

60.970 

61.076 

61. 182 

61.288 

61.304 

61.499 

44 

61.606 

61.711 

6L816 

61.922 

62.027 

62.132 

62.238 

62.343 

62.448 

62.653 

45 

62.668 

62.763 

6Z868 

6Z973 

63.078 

63.182 

63,287 

63.392 

63.496 

63.601 

46 

63.706 

63.809 

63.914 

64.018 

64,122 

64.226 

54.330 

64.434 

64.638 

64.642 

47 

64.746 

64.850 

54,954 

66.057 

65.161 

65.264 

65.368 

65.471 

65.674 

65.677 

48 

65.780 

66.883 

55.986 

6a  089 

66.192 

5a  295 

6a  398 

6a  500 

6a  603 

6a  706 

49 

66.808 

66.910 

67. 013 

67. 116 

67. 218 

67.320 

67.422 

67.522 

67.626 

67.728 

50 

67.830 

67.932 

6&034 

68.136 

68.237 

58.338 

68.440 

58.641 

58.642 

58.743 
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Tablb  6. — Percentages  by  volume  at  6(y*  F.f  corresponding  to  various  percentages 
by  weight  in  mixtures  of  ethyl  alcohol  ana  water — Continued 


Ptfoent 
alcohol 

Tenths  of  per  cent 

by 
weight 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50 
61 
52 
53 
54 

57.830 
58.844 
50.852 
6a  854 
61.850 

57.032 
58.945 
59.952 
6a  954 
6L949 

58.034 
59.046 
6a  053 
6L054 
62.048 

68.135 
50.147 
6a  154 
6L154 
62.147 

58.237 
59.248 
6a  254 
6L254 
62.246 

68.338 
69.349 
6a  354 
61.353 
62.344 

58.440 
59.450 
6a  454 
61.453 
62.443 

58.541 
59.660 
60.664 
61.652 
62.542 

6a642 
5a  651 
6a  654 
61.652 
62.640 

58.743 
59.752 
6a  754 
61. 751 
62.738 

55 
50 
57 
58 
59 

6Z837 
63.820 
64.798 
65w768 
66.732 

62.936 
63.918 
64.805 
66.865 
66.828 

.   63.034 
64.016 
64.993 
65.961 
66.924 

63.432 
64.114 
66.000 
66.068 
67.020 

63.231 
64.212 
66.188 
6a  154 
67. 116 

63.329 
64.310 
65.285 
6a  251 
67.212 

63.427 
64.406 
65.382 
6a  347 
67.306 

63.526 
64.505 
65.479 
6a  444 
67.404 

63.624 
64.608 
65.575 
6a540 
67.499 

63.722 
64.701 
65.672 
6a  636 
67.595 

60 
61 
62 
63 
64 

67.600 
68.641 
69.586 
7a  523 
7L455 

67.786 
68.736 
69.680 
7a  616 
71.548 

67.881 
68.831 
69.774 
7a  710 
7L641 

67.076 
68.026 
69.868 
7a  803 
71.733 

68.071 
69.020 
69.962 
7a  897 
71.826 

68.166 
69.115 
7a  056 
7a  090 
71.018 

68.261 
60.209 
7a  140 
71.083 
72.011 

68.356 
69.304 
7a  243 
71. 176 
72.108 

68.451 
69.398 
7a  336 
71.269 
72:196 

68.546 
69.492 
7a  430 
71.362 
72.288 

65 
66 
67 
68 
60 

72.380 
73.299 
74.211 
75.117 
76.016 

72.472 
73.391 
74.302 
75.207 
76.106 

72.564 
73.482 
74.303 
75.297 
76.195 

72.656 
73.574 
74.484 
75.387 
76.285 

72.748 
73.665 
74.575 
75.477 
7a  874 

72.840 
73.766 
74.665 
75.567 
7a  464 

72.932 
73.847 
74.756 
75.657 
7a  553 

73.024 
73.038 
74.846 
75.747 
7a  642 

73.116 
74.029 
74.937 
75.837 
7a  731 

73.207 
74.120 
75.027 
75.926 
7a  820 

70 
71 
72 
73 
74 

76^909 
77.794 
78.672 
79.544 
8a410 

76.098 
77.882 
78.760 
79.631 
8a  496 

77.087 
77.970 
7^847 
79. 718 
8a  582 

77.176 
78.058 
78.934 
79.805 
8a  668 

77.264 
78.146 
79.022 
79.892 
8a  754 

77.363 
78.234 
79.109 
79.978 
8a  840 

77.441 
78.322 
79.196 
8a  065 
8a  926 

77.529 
78.410 
79.283 
8a  151 
8L012 

77.618 
78.497 
79.370 
8a  238 
8L098 

77.706 
78.584 
79.457 
8a  324 
81.183 

75 
76 
77 
78 
79 

8L269 
82.121 
82L967 
83.805 
84.636 

81.365 
82.206 
83.051 
83.888 
84.710 

8L440 
82.291 
83.136 
83.972 
84.801 

81.626 
82.376 
83.219 
84.056 
84.884 

81.611 
8Z461 
83.303 
84.138 
84.966 

8L606 
82.545 
83.387 
84.221 
86.049 

81.781 
82.630 
83.471 
84.304 
85.131 

81.866 
82.714 
83.655 
84.387 
86.213 

81.951 
82.799 
83.638 
84.470 
86.295 

82.036 
8Z883 
83.722 
84.553 
85.377 

80 
81 
82 
83 
84 

8&450 
86.275 
87.063 
87.885 
88.678 

86.641 
86.366 
87.164 
87.966 
88.767 

85.623 
86.437 
87.244 
88.045 
88.836 

85.705 
86.618 
87. 324 
88.124 
88.015 

85.787 
8a  599 
87.406 
88.204 
88.994 

85.868 
8a  680 
87.486 
88.283 
89.072 

85.950 
8a  761 
87.565 
88.362 
89.151 

8a  031 
8a  842 
87.645 
88.441 
8a  229 

8a  113 
8a  922 
87.726 
88.520 
89.306 

8a  194 
87.002 
87.805 
88.699 
89.386 

85 
86 
87 
88 
80 

89.464 
9a  240 
91.008 
91,766 
92.517 

89.542 
9a  317 
91.084 
01.841 
92.591 

89.620 
00.394 
91. 161 
91.917 
92.666 

89.608 
9a  471 
91.237 
91.992 
92.740 

89.776 
9a  648 
91.313 
92.068 
92.814 

89.854 
90.625 
91.388 
92.143 
92.888 

89.932 
9a  702 
91.464 
92.218 
92.962 

9a  009 
9a  779 
9L540 
9Z293 
93.036 

•90.086 
90.855 
91. 615 
92.367 
93.108 

9a  163 
9a  932 
91.691 
92.442 
93.181 

00 
91 
92 
93 
94 

93.254 
93.982 
94.700 
95.407 
96.103 

93.327 
94.054 
94.771 
95.477 
96.172 

93.400 
94.126 
94.842 
95.547 
96.241 

93.473 
94.198 
94.913 
95.617 
96.310 

93.646 
94.270 
94.984 
95.687 
96.378 

93.619 
94.342 
95.056 
95.757 
9a  447 

93.692 
94.414 
95.126 
95.826 
9a  515 

03.764 
94.486 
96.196 
95.896 
9a  583 

03.837 
94.557 
95.287 
95.965 
9a  652 

93.910 
94.629 
96.337 
9a  034 
9a  720 

95 
96 
97 
98 
99   - 

96.787 
97.469 
98.117 
98.759 
99.386 

96.863 
97.526 
98.182 
98.822 
99.448 

96.922 
97.592 
98.247 
98.886 
99.510 

96.990 
97.668 
98.312 
98.949 
99. 672 

97.057 
97.  724 
98.376 
99.012 
99.633 

97.125 
97.790 
98.440 
99.076 
99.695 

97. 192 
97.866 
98.505 
99.137 
99.756 

97.259 
97.921 
98.569 
99.200 
99.817 

97.326 
97.987 
98.633 
99.262 
99.878 

97.392 
98.062 
98.696 
99.324 
99.939 

100 

loaooo 
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Tab  LB  6. — Pereentagea  by  weight  t  carreaponding  to  various  pereeniagea  by  volume 
at  60^  F.  in  mixturee  of  ethyl  alcohol  and  water 


Per  cent  alcohol 
by  volume  at 

Per  cent  alcohol 
by  weight 

Differences 

Per  cent  alcohol 

by  volume  at 

60*  F. 

Per  cent  alcohol 
bywei^t 

Diflerences 

0 

0.000 
a795 

50 
51 

4Z487 
43.428 

1 

a"795 

aiii 

2 

1.603 

.798 

52 

44.374 

.046 

3 

2.392 

.799 

58 

4a  826 

.062 

4 

8.194 

.802 
.804 

54 

4a  288 

.067 
.062 

5 

8.908 

56 

47.245 

6 

4.804 

.806 

66 

4a  214 

.060 

7 

5.612 

.806 

57 

49.187 

.073 

8 

6.422 

.810 

68 

5a  167 

.980 

0 

7.234 

.812 
.813 

69 

51.154 

.967 
.003 

10 

a  047 

60 

52.147 

11 

a  862 

.815 

61 

6a  146 

.900 

12 

0.679 

.817 

62 

54.162 

1.006 

13 

10.497 

.818 

63 

6&165 

LOW 

14 

11. 317 

.820 
.821 

64 

6a  184 

1.010 
LQ24 

15 

12.138 

65 

67.208 

16 

12.961 

.823 

66 

6a  241 

1.038 

17 

ia786 

.825 

•       67 

60.279 

L088 

18 

14.612 

.826 

68 

6a326 

1.046 

19 

16.440 

.828 
.829 

69 

61.879 

1.054 
1.062 

20 

16.209 

70 

62:441 

21 

17.100 

.881 

71 

6a  511 

1.070 

22 

17.933 

.883 

72 

64.688 

1.077 

23 

ia768 

.885 

78 

65.674 

1.066 

24 

19.004 

.836 
.839 

74 

6a  768 

1.004 
1.102 

26 

2a  443 

75 

67.870 

20 

21.285 

.842 

76 

6a  982 

1.112 

27 

22.127 

.842 

77 

7a  102 

1.120 

28 

22L973 

.846 

78 

71.234 

1.132 

20 

28.820 

.847 
.850 

70 

72.375 

1.141 
L151 

30 

24.670 

80 

73.526 

31 

26.524 

.854 

81 

74.686 

1.160 

32 

26.382 

.858 

82 

7a  858 

1.172 

33 

27.242 

.860 

83 

77.039 

1.181 

34 

2a  104 

.862 
.867 

84 

7a  233 

1.104 
1.206 

35 

2a  971 

85 

79.441 

30 

29.842 

.871 

86 

8a662 

1.221 

37 

3a  717 

.875 

87 

81.897 

1.235 

38 

31.596 

.879 

88 

8a  144 

1.247 

30 

32.478 

.882 
.886 

89 

84.406 

1.264 
1.281 

40 

33.364 

90 

85.689 

41 

34.254 

.890 

91 

86.989 

1.800 

42 

35.150 

.896 

92 

8a  310 

1.821 

43 

36.050 

.000 

93 

89.652 

1.342 

44 

36.955 

.905 
.010 

94 

91.025 

1.873 
1.398 

45 

37.865 

95 

92.423 

40 

3a  778 

.913 

96 

9a  851 

1.428 

47 

39.697 

.019 

97 

9a  815 

1.464 

48 

4a  622 

.025 

08 

9a  820 

1.606 

49 

41.551 

.929 
.936 

99 

9a381 

1.661 
1.619 

50 

42.487 

100 

loaooo 
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Table  8. — Density  at  15°  C.  of  mixtures  (by  weight)  of  methyl  alcohol  and  water 

ice 

[Calculated  from  the  specific  gravity  detenninations  of  Doroshevskii  and  RoKhdestveiiskil  at  i^  C.i] 

15 


Percent 

15® 

Percent 

15* 

methyl  alcohol 

D^C. 

Differences 

methyl  alcohol 

d'^c. 

Differences 

by  weight 

by  weight 

0 

0.99913 

a  00186 

50 

0. 91852 

a  00199 

,      1 

.99727 

184 

51 

.91653 

202 

'   2 

.99543 

173 

52 

.91451 

203 

8 

.99370 

172 

53 

.91248 

204 

4 

.99198 

169 

54 

.91044 

205 

5 

.99029 

165 

55 

.90639 

206 

6 

.98864 

163 

56 

.90631 

210 

7 

.98701 

154 

57 

.90421 

211 

8 

.96547 

153 

58 

.90210 

214 

0 

.96394 

153 

59 

.89996 

215 

10 

.98241 

148 

60 

.89781 

218 

11 

.98093 

148 

61 

.89563 

222 

12 

.97945 

143 

62 

.89341 

224 

13 

.97802 

142 

63 

.89117 

227 

14 

.97660 

142 

64 

.88890 

228 

15 

.  97518 

141 

65 

.88662 

229 

16 

.9T377 

140 

66 

.88433 

230 

17 

.97237 

141 

67 

.88203 

233 

18 

.97096 

141 

68 

.87971 

232 

10 

.96955 

141 

69 

.87739 

232 

20 

.96814 

141 

70 

.87507 

236 

21 

.96673 

140 

71 

.87271 

238 

22 

.96533 

141 

72 

.87033 

241 

23 

.96392 

141 

73 

.86792 

246 

24 

.96251 

143 

74 

.86546 

246 

25 

.96108 

145 

76 

.86300 

249 

26 

.95963 

146 

76 

.86051 

260 

27 

.95817 

149 

77 

.85801 

250 

28 

.95668 

150 

78 

.85561 

251 

29 

.96518 

152 

79 

.85300 

252 

30 

.95366 

153 

80 

.85048 

254 

81 

.  95213 

157 

81 

.84794 

268 

32 

.95056 

160 

82 

.84636 

263 

33 

.94896 

162 

83 

.84274 

265 

34 

.94734 

164 

84 

.84009 

267 

35 

.94570 

166 

85 

.83742 

267 

36 

.94404 

167 

86 

.83475 

268 

37 

.94237 

170 

87 

.83207 

270 

38 

.94067 

173 

88 

.82937 

270 

39 

.93894 

174 

89 

.82667 

271 

40 

.93720 

177 

90 

.82396 

272 

41 

.93543 

178 

91 

. 82124 

275 

42 

.93365 

180 

92 

.81849 

281 

43 

.93185 

184 

93 

.81568 

283 

44 

.93001 

186 

94 

.81285 

286 

45 

.92815 

188     1 

95 

.80999. 

286 

46 

.92627 

191     1 

96 

.80713 

285 

47 

.92436 

194     1 

97 

.80428 

285 

48 

.92242 

194 

98 

.80143 

284 

49 

.92048 

196 

99 

.79859 

282 

50 

.91852 

100 

.79677 

>  J.  Russ..  Phys.  Chem.  Soc..  41,  pp.  977-996;  1909. 
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Table  9. — Specific  gravity  at  j^  C.  of  mixtures  (by  volume)  of  methyl  alcohol 

and  water 
[Calculated  fh>m  the  sanfe  data  as  Table  8] 


Peroent 

D^C. 

Percent 

methyl  alcohol 
by  volume  at 

Differences 

methyl  alcohol 
by  volome  at 

Differences 

WC. 

15**  C. 

0 

1.00000 

0.00149 

50 

0.03326 

a  00171 

1 

.99851 

148 

51 

.03165 

178 

2 

.99703 

143 

52 

.02062 

176 

3 

.99560 

138 

53 

.02606 

160 

4 

.99422 

139 

54 

.02626 

183 

5 

.99283 

137 

55 

.02443 

167 

6 

.99146 

135 

56 

.92256 

160 

7 

.99011 

184 

57 

.92067 

190 

8 

.98877   • 

131 

56 

.91877 

195 

0 

.96746 

126 

59 

.91662 

199 

10 

.98621 

125 

60 

.91483 

201 

11 

0A40A 

126 

61 

.91282 

203 

12 

.98370 

123 

62 

.91079 

206 

13 

.96247 

122 

63 

.90673 

210 

14 

.96125 

122 

64 

.00663 

218 

15 

.96003 

119 

65 

.90450 

216 

16 

.97884 

118 

66 

.90284 

220 

17 

.97766 

118 

67 

.90014 

234 

18 

.97648 

118 

66 

.89790 

220 

10 

.97530 

117 

69 

.89561 

284 

20 

.97413 

118 

70 

.89827 

230 

21 

.97295 

118 

71 

.89086 

244 

22 

.97177 

119 

72 

.88844 

246 

23 

.97058 

119 

73 

.88596 

2S0 

24 

.96939 

119 

74 

.88346 

254 

25 

.96820 

120 

75 

.86092 

256 

26 

.96700 

120 

76 

.87636 

256 

27 

.96580 

121 

77 

.87578 

266 

28 

.96459 

121 

78 

.87312 

272 

29 

.96338 

122 

79 

.87040 

280 

30 

.96216 

125 

60 

.86760 

286 

31 

.96091 

125 

81 

.86474 

204 

32 

.95966 

128 

62 

.86180 

207 

33 

.95838 

130 

68 

.85883 

301 

34 

.95708 

132 

64 

.85582 

306 

35 

.95576 

133 

'65 

.85276 

300 

36 

.95443 

135 

66 

.84967 

321 

37 

.95308 

138 

67 

.84646 

382 

38 

.95170 

141 

68 

.84314 

348 

39 

.95029 

143 

69 

.83971 

348 

40 

.94886 

145 

90 

.83623 

354 

41 

.94741 

148 

91 

.88269 

362 

42 

.94593 

150 

92 

.82907 

360 

43 

.94443 

152 

03 

.82538 

375 

44 

.94291 

155 

04 

.82163 

bOl 

45 

.94136 

157 

05 

.81772 

400 

46 

.93979 

150 

06 

.81363 

421 

47 

.93820 

163 

07 

.80942 

428 

48 

.93657 

164 

06 

.80514 

432 

49 

.93493 

167 

00 

.80062 

435 

50 

.93326 

100 

.79647 
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Table  10.- 


Cvretdar  of  ike  Bureau  of  Standards 


'PercerUagts  by  volume  at  16^  C.  corresi 
by  weight  in  mixtures  of  methyl  alcoi 


to  various  percentages 
water 


Per  oeot  by 
wdght. 

Per  cent  by  vol- 
nme  at  15<*  C. 

Difleraoees. 

Per  oeot  by 
weight. 

Per  cent  by  vol- 
nme  at  15*  C. 

Differeooes. 

0 

aooo 

L2SS 

50 

57.713 

LQ87 

1 

L3SS 

L3I9 

51 

56.780 

LQ80 

3 

3.503 

1.344 

53 

5a  750 

L014 

S 

8.746 

t340 

68 

6a778 

LOOS 

4 

4.066 

L386 

64 

6L781 

LOOS 

6 

6.333 

Lsn 

55 

62.788 

.095 

6 

7.454 

L338 

56 

68.778 

.080 

7 

&6B3 

L335 

57 

61 767 

.088 

8 

0.007 

1.331 

58 

65.750 

.075 

9 

1L138 

L317 

50 

6a  725 

.068 

10 

13.S45 

L314 

60 

67.60S 

.061 

11 

18.559 

L311 

61 

6a  654 

.053 

13 

14.770 

L307 

63 

6a  607 

.045 

IS 

15.077 

L304 

68 

7a  652 

.988 

14 

17.181 

L301 

64 

7L490 

.000 

15 

iaS82 

L197 

65 

72.^0 

.034 

16 

10.570 

L104 

66 

73.844 

.018 

17 

301 773 

LlOO 

67 

74.363 

.010 

18 

2L008 

L186 

68 

75.173 

.005 

10 

28.149 

L188 

60 

7a  on 

.800 

30 

24.SS3 

L180 

70 

7a  976 

.888 

31 

2Sw513 

LIT6 

n 

77.864 

.883 

33 

30.688 

L172 

73 

7a  746 

.873 

38 

27.800 

1.109 

78 

7a  618 

.863 

31 

20.020 

L164 

74 

8a  480 

.866 

35 

3a  106 

L161 

75 

8t336 

.846 

36 

3LS54 

L156 

76 

81182 

.840 

37 

S2L510 

L158 

77 

81083 

.888 

38 

88.662 

L147 

78 

88.855 

.835 

30 

84.800 

L143 

70 

84.680 

.810 

SO 

35.062 

L1S9 

80 

85.400 

.811 

SI 

37.001 

LISS 

81 

8a  810 

.800 

S3 

88.234 

L138 

83 

87.110 

.780 

ss 

30LS52 

L134 

88 

87.800 

.778 

S4 

4a  476 

L118 

84 

81677 

.771 

S5 

4L594 

L114 

85 

8a  448 

.764 

S6 

42.708 

.      L106 

86 

oasis 

.756 

S7 

43.816 

L106 

87 

0a068 

.748 

38 

44.010 

L097 

88 

0L716 

.740 

SO 

46.016 

LOOS 

80 

01466 

.733 

40 

47.100 

L086 

00 

01188 

.734 

41 

48.105 

L063 

01 

08.013 

.715 

43 

40. 2n 

L076 

03 

91637 

.600 

4S 

5a  858 

L069 

06 

08.336 

.001 

44 

51.422 

L064 

04 

01017 

.680 

45 

52.486 

L058 

05 

Oa697 

.678 

46 

58.544 

1.051 

06 

07.870 

.666 

47 

54.606 

L044 

07 

01086 

.600 

48 

55.680 

1.090 

08 

01606 

.655 

49 

56.678 

1.084 

00 

00.851 

.649 

50 

57.712 

160 

loaooo 

f^ 
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Tablb  11. — Temperaiure  corrections  to  readings  of  Saccharometera  (standard 

at  eo"*  C) 

[This  table  is  cslcolated  usiiif  the  data  on  thermal  expanskm  of  sosar  solutions  by  Plato.i  assuming  the 
instnunent  to  be  of  Jena  16™  slass.  The  table  should  be  used  with  caution  and  only  for  approximate 
results  when  the  temperature  diners  much  fh)m  the  standard  temperature  or  from  the  temperature  of  the 
surrounding  air] 


Temperature 

Observed  per  cent  of  sugar 

centigrade 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

Srbtract  from  observed  per  cent 

0 

a30 

a  40 

0.65 

a77 

a80 

aoo 

LOS 

1.16 

1.24 

1.31 

1.37 

L41 

L44 

L40 

6 

.36 

.47 

.56 

.65 

.73 

.80 

.86 

.01 

.07 

1.01 

LOS 

L06 

LIO 

L14 

10 

.32 

.38 

.43 

.48 

.52 

.57 

.60 

.64 

.67 

.70 

.72 

.74 

.75 

.77 

11 

.31 

.85 

.40 

.44 

.48 

.51 

.55 

.58 

.60 

.63 

.65 

.66 

.68 

.70 

la 

.20 

.32 

.36 

.40 

.43 

.46 

.50 

.52 

.54 

.56 

.58 

.50 

.60 

.62 

13 

.26 

.20 

.32 

.35 

.38 

.41 

.44 

.46 

.48 

.40 

.51 

.52 

.53 

.55 

14 

.24 

.26 

.20 

.31 

.34 

.36 

.38 

.40 

.41 

.42 

.44 

.45 

.46 

.47 

15 

.20 

.22 

.24 

.26 

.28 

.30 

.32 

.33 

.34 

.36 

.36 

.37 

.38 

.30 

16 

.17 

.18 

.20 

.22 

.23 

.25 

.26 

.27 

.28 

.28 

.20 

.30 

.31 

.32 

17 

.13 

.14 

.15 

.16 

.18 

.10 

.20 

.20 

.21 

.21 

.22 

.23 

.23 

.24 

18 

.00 

.10 

.10 

.11 

.12 

.13 

.13 

.14 

.14 

.14 

.15 

.16 

.15 

.16 

10 

.05 

.05 

.05 

.06 

.06 

.06 

.07 

.07 

.07 

.07 

.08 

.08 

.06 

.06 

17.6 

.11 

.12 

.12 

.14 

.15 

.16 

.16 

.17 

.17 

.18 

.18 

.10 

.10 

.20 

16.56 

.18 

.20 

.22 

.24 

.26 

.28 

.20 

.30 

.30 

.32 

.33 

.33 

.34 

.34 

(60*  F.) 

Add  to  observed  per  cent 

21 

a04 

a  05 

a06 

ao6 

0.06 

0.07 

ao7 

a  07 

0.07 

0.06 

ao8 

ao8 

ao6 

aoo 

22 

.10 

.10 

.11 

.12 

.12 

.13 

.14 

.14 

.15 

.15 

.16 

.16 

.16 

.16 

23 

.16 

.16 

.17 

.17 

.10 

.20 

.21 

.21 

.22 

.23 

.24 

.24 

.24 

.24 

24 

.21 

.22 

.23 

.24 

.26 

.27 

.28 

.20 

.30 

.31 

.32 

.32 

.32 

.32 

25 

.27 

.28 

.30 

.31 

.32 

.34 

.35 

.36 

.38 

.38 

.30 

.30 

.40 

.30 

26 

.33 

.34 

.36 

.37 

.40 

.40 

.42 

.44 

.46 

.47 

.47 

.48 

.48 

.48 

27 

.40 

.41 

.42 

.44 

.46 

.48 

.50 

.52 

.64 

.54 

.55 

.56 

.56 

.56 

28 

.46 

.47 

.40 

.51 

.54 

.66 

.58 

.60 

.61 

.62 

.63 

.64 

.64 

.64 

20 

.54 

.65 

.56 

.50 

.61 

.63 

.66 

.68 

.70 

.70 

.71 

.72 

.72 

.72 

30 

.61 

.62 

.63 

.66 

.68 

.71 

.73 

.76 

.78 

.78 

.70 

.80 

.80 

.81 

35 

.00 

1.01 

1.02 

1.06 

1.10 

1.13 

1.16 

1.18 

1.20 

1.21 

L22 

L22 

L23 

L22 

40 

1.42^ 

1.46 

1.47 

1.51 

1.54 

1.57 

L60 

1.62 

1.64 

1.65 

L65 

L65 

L66 

L65 

45 

1.01 

1.04 

1.96 

2.00 

2.03 

2.05 

2.07 

2.00 

2.10 

2.10 

ZIO 

2.10 

2.10 

2L06 

50 

2.46 

2.48 

Z60 

2.53 

2.56 

2.57 

2.58 

2.50 

2.50 

268 

2.58 

2.57 

2.56 

2.52 

55 

3.05 

3.07 

3.00 

3.12 

3.12 

3,12 

3.12 

3.11 

3.10 

3.08 

3.07 

3.05 

3.03 

2.07 

60 

3.00 

3.72 

3.73 

a73 

3.72 

3.70 

3.67 

3.65 

3.62 

3.60 

3.57 

3.54 

3.50 

3.43 

27.5 

.43 

.44 

.46 

.48 

.50 

.52 

.64 

.56 

.58 

.58 

.50 

.60 

.60 

.60 

1  Wiss.  Abh.  der  Kaiserlichen  Normal-EichungB-Konmiission,  2,  p.  140;  1000. 
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Table  12. — Density^  of  solutions  of  cane  sugar  at  BO**  C. 
[This  table  Is  the  basis  for  standardliing  hydrometers  Indicating  per  cent  of  sugar  at  ao"  C] 


Per  cent 
sugar 


0 
1 
2 
3 
4 

5 
6 
7 
8 
0 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
20 

30 
31 
32 
33 
34 

35 
36 
37 


40 
41 
42 
43 
44 

45 
46 
47 
48 
40 

50 


Tenths  of  per  cent 


0.006234 
1.00S120 
1.006015 
1.000034 
1.013881 

1.017854 
1.021855 


1.020042 
1.034020 

1.038143 
1.042288 
1.046462 
1.050665 
1.054000 

1.050165 
1.063460 
1.067780 
1.072147 
1.076537 

1.060050 
1.085414 
1.060000 
1.094420 
1.006071 

1.103557 
1.106175 
1.112828 
1.117512 
1.122231 

1.126064 
1.131773 
1.136506 
1.141453 
1.146345 

1.151275 
1.156238 
1.161236 
1.166260 
1.171340 

1.176447 
1.181502 
1.186773 
1.101003 
1.107247 

1.202540 
1.207870 
1.213238 
1.218643 
1.224066 

1.220567 


0.006622 
1.002500 
1.006405 
1.010327 
1.014277 

1.018253 
1.022257 
1.026280 
1.030340 
1.084430 

1.038556 
1.042704 
1.046881 
1.051067 
1.055325 

1.050603 
1.063802 
1.068223 
1.072585 
1.076078 

1.081403 
1.085861 
1.090351 
1.004874 
1.000428 

1.104017 
1.106630 
1.113205 
1.117062 
1.122705 

1.127461 
1.132254 
1.137080 
1.141941 
1.146836 

i.i5ino 

1.156736 
1.161738 
1.166775 
1.171840 

1.170060 
1.182108 
1.187203 
1.102517 
1.107775 

1.203071 
1.206405 
1.213777 
1.210185 
1.224632 

1.230117 


0.000010 
1.002807 
1.006706 
1.010721 
1.014673 

1.018652 
1.022650 
1.026604 
1.030757 
1.034850 

1.038070 
1.043121 
1.047300 
1.051510 
1.065751 

1.060022 
1.064324 
1.068658 
1.073023 
1.077410 

1.081848 
1.086300 
1.000602 
1,096328 
l)0O9686 

1.104478 
1.100103 
1.113763 
1.118453 
1.123170 

1.127030 
1.132735 
1.137565 
1.142420 
1.147328 

1.152265 
1.157235 
1.162240 
1.167281 
1.172350 

1.177478 
1.182625 
1.187814 
1.103041 
1.106303 


1.: 

1.206040 
1.214317 
1.210720 
1.225180 

1.230668 


0. 

1.003286 

1.007188 

1.011115 

1.015070 

1.010052 
1.023061 
1.027000 
1.031165 
1 


l.( 

1.043537 

1.047720 

1.051933 

1.056176 

1.060451 
1.064756 
1.069093 
1.073461 
1.077860 

1.062202 
1086757 
1.001253 
1.005782 
1.100344 

1.104038 
1.109568 
1.114229 
1.118923 
1.123653 

1.128417 
1.133216 
1.138049 
1.142916 
1.147820 

1.152760 
1.157733 
1.162742 
1.167786 
1.172860 

1.177967 
1.183142 
1.188335 
1.193565 
1.198832 

1.204136 
1.209477 
1.214856 
1.220272 
1.225727 

1.231210 


0.000786 
1.008675 
1.007580 
1.011510 
1.015467 

1.010451 
1.023463 
1.027504 
1.031573 
1.035671 

1.030707 
1.043054 
1.048140 
1.052356 
1.056602 

1.060680 
1.065188 
1.060520 
1.073000 
1.078302 

1.062737 
1.087205 
1.001704 
1.006236 
1.100602 

1.105400 
1.110033 
1.114007 
1.110395 
1.124128 

1.128896 
1.133606 
1.138534 
1.143405 
1.148313 

1.153250 
1.158233 
1.163245 
1.168293 
1.173379 

1.178501 
1.183660 
1.188856 
1.194090 
1.199360 

1.204668 
1.210013 
1.215395 
1.220615 
1.226274 


1.000174 
1.004064 
1.007972 
1.011904 
1.015864 

1.019651 
1.023867 
1.027010 
1.031062 
1.036082 

1.040212 
1.044370 
1.048550 
1.052778 
1.067020 

1.061306 
1.065621 
1.060064 
1.074338 
1.078744 

1.083182 
1.087652 
1.002155 
14)06601 
1.101250 


1. 

1.110407 

1.115166 

1.110867 

1.124608 

1.120374 
1.134180 
1.139020 
1.143894 
1.148805 

1.153752 
1.158733 
1.163748 
1.168800 
1.173889 

1.179014 
1.184178 
1.189379 
1.194616 
1.100800 

1.205200 
1.210540 
1.215036 
1.221360 
1.; 


1.231770  1.232322 


1.000663 
1.004453 
1.008363 
1.012206 
1.016261 

1.020251 
1.024270 
1.028316 
1.032301 
1.036404 

1.040626 
1.044788 
1.048060 
1.053202 
1.057455 

1.061738 
1.060054 
1.070400 
1.074777 
1.070187 


1 

1.088101 

1.002607 

1.007147 

1.101718 

1.106324 
1.11Q063 
1.115635 
1.120330 
1.125079 

1.129853 
1.134663 
1.139506 
1.144384 
1.149296 

1.154240 
1.150233 
1.164252 
1.160307 
1.174400 

1.170627 
1.184606 
1.180001 
1.105141 
1.200420 

1.205733 
1.211066 
1.216476 
1.221004 
1.227371 

1.232874 


1.000052 
1.004844 
1.006755 
1.012604 
1.016650 

1.020651 
1.024673 
1.028722 
1.032800 
1.036006 

1.041041 
1.045206 
1.049401 
1.053626 
1.067882 

1.062168 
1.066487 
1.070686 
1.075217 
1.079620 

1.064074 
1.068550 
1.O03O6O 
1.007603 
1.102177 

1.106786 
1.111420 
1.116104 
1.120812 
1.125555 


1. 

1.135146 

1.130003 

1.144874 

1.140702 

1.154746 
1.150733 
1.164756 
1.109615 
1.174011 

1.180044 
1.185215 
1.100423 
1.105667 
1.200050 

1.206266 
1.211623 
1.217017 
1.222440 
1.227010 

1.233426 


1.001342 
1.006234 
1.000148 
1.013060 
1.017068 

1.021053 
1.026077 
1.029128 
1.033209 
1.037318 

1.041456 
1.045625 
1.049822 
1.064050 
1.058310 

1.062506 
1.066021 
1.071273 
1.075657 
1.060072 

1.064520 
1.060O0O 
1.003513 
1.096058 
1.102637 

1.107248 
1.111805 
1.116572 
1.121284 
1.126030 

1.130612 
1.135628 
1.140470 
1.145363 
1.150286 

1.155242 
1.160233 
1.165259 
1.170322 
1.175423 

1.180560 
1.185734 
1.190946 
1.196193 
1.201480 

1.206801 
1.212102 
1.217550 
1.222005 
1.228460 


1.001731 
1.005624 
1.009541 
1.013485 
1.017456 

1.021454 
1.025481 
1.029535 
1.033619 
1.037730 

1.041872 
1.046013 
1.0S0243 
1.054475 
1.058737 


1.067355 
1.071710 
1.076007 
1.080515 

1.064067 
1.080450 
1.008066 
1.006514 
1.103097 

l.lOTHl 
1.112361 
1.117042 
1.121757 
1.126507 

1.131202 
1.136112 
1.140066 
1.145854 
1.150780 

1.155740 
1.160734 
1.165764 
1.170631 
1.175085 

1.181076 
1.186253 
1.101400 
1.106720 
1.202010 

1.207335 
1.212700 
1.218101 
1.223540 
1.220018 


1  According  to  Dr.  F.  Plato  (Wlas.  Abb.  der  Kaiaerlicben  Normal-Eichungs-Ko] 
1000). 


1.233070    1.234532 
«,  p.  153; 
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Table  12. — Density  of  soltUiana  of  cane  sugar  at  BO^  C. — Continued 


Peromt 

Tenths  of  per  cent 

mnmtf 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50 
51 
52 
53 
54 

1.229507 
1.235065 
1.240041 
1.240234 
1.251800 

1.230117 
1.235630 
1.241196 
1.246796 
1.252431 

1.230668 
1.236194 
1.241767 
1.247358 
1.252997 

1.231219 
1.236746 
1.242315 
1.247920 
1.253563 

1.231770 
1.237303 
1.242873 
1.248482 
1.254129 

1.232322 
1.237859 
1.243433 
1.249046 
1.264697 

1.232874 
1.238414 
1.243992 
1.249609 
1.255264 

1.233426 
1.238970 
1.244552 
1.250172 
1.265831 

1.233979 
1.239527 
1.245113 
1.250737 
1.256400 

1.234632 
1.240064 
1.245673 
1.251301 
1.256967 

55 
50 

57 
58 
50 

1.267535 
1.263243 
1.268089 
1.274774 
1.280605 

1.258104 
1.263816 
1.269565 
1.275354 
1.281179 

1.258674 
1.264390 
1.270143 
1.275936 
1.281704 

1.259244 
1.264963 
1.270720 
1.270517 
1.282349 

1.260616 
1.265537 
1.271299 
1.277098 
1.282935 

1.260385 
1.266112 
1.271877 
1.277680 
1.263521 

1.260955 
1.266686 
1.272455 
1.278262 
1.284107 

1.261527 
1.267261 
1.273035 
1.278844 
1.284604 

1.262099 
1.287837 
1.273614 
1.279426 
1.285281 

1.262671 
1.268413 
1.274194 
1.280011 
1.285809 

00 
01 
02 
03 
04 

1.280450 
1.292364 
1.296291 
1.304267 
1.310282 

1.287044 
1.292946 
1.296886 
1.304807 
1.310885 

1.287633 
1.293539 
1.299483 
1.305467 
1.311489 

1.288222 
1.294131 
1.300079 
1.306068 
1.312093 

1.288811 
1.294725 
1.300877 
1.306669 
1.312699 

1.289401 
1.295318 
1.301274 
1.307271 
1.313304 

1.289991 
1.295911 
1.301871 
1.307872 
1.313909 

1.290681 
1.296506 
1.302470 
1.306475 
1.314515 

1.291172 
1.297100 
1.303068 
1.309077 
1.315121 

1.291763 
1.297096 
1.303668 
1.309680 
1.315728 

06 
00 
07 
08 
00 

1.316334 
1.322426 
1.328554 
1.334722 
1.340928 

1.316941 
1.323030 
1.329170 
1.335342 
1.341551 

1.317549 
1.323048 
1.329785 
1.335961 
1.342174 

1.318157 
1.324259 
1.330401 
1.336581 
1.342796 

1.318766 
1.324872 
1.331017 
1.337200 
1.343421 

1.319374 
1.325484 
1.331633 
1.337821 
1.344046 

1.319963 
1.328097 
1.332250 
1.338441 
1.344671 

1.320593 
1.326711 
1.332866 
1.339063 
1.345296 

1.321203 
1.327325 
1.333485 
1.339684 
1.345922 

1.321814 
1.327940 
1.334103 
1.340306 
1.346647 

70 
71 
72 
73 
74 

1.347174 
1.353450 
1.350778 
1.300139 
1.372580 

1.347801 
1.354067 
1.360413 
1.306777 
1.373178 

1.348427 
1.364717 
1.301047 
1.367415 
1.373820 

1.349056 
1.355349 
1.361082 
1.308054 
1.374463 

1.349682 
1.355960 
1.362317 
1.868683 
1.375106 

1.360311 
1.356612 
1.362953 
1.309333 
1.375749 

1.350939 
1.357246 
1.363590 
1.369973 
1.376392 

1.351568 
1.357877 
1.364228 
1.370613 
1.377036 

1.352197 
1.358511 
1.364864 
1.371254 
1.377680 

1.362827 
1.350144 
1.366601 
1.371894 
1.378326 

75 
70 
77 
78 
79 

1.378971 
1.385440 
1.391950 
1.396505 
1.405091 

1.379617 
1.386096 
1.392610 
1.399102 
1.405762 

1.380262 
1.386745 
1.393263 
1.399619 
1.400412 

1.380909 
1.387396 
1.393917 
1.400477 
1.407074 

1.381555 
1.388045 
1.394571 
1.401134 
1.407735 

1.362203 
1.388696 
1.395226 
1.401793 
1.406396 

1.382851 
1.389347 
1.395881 
1.402452 
1.409061 

1.383499 
1.389999 
1.396536 
1.403111 
1.409723 

1.384148 
1.390651 
1.397192 
1.403771 
1.410387 

1.384790 
1.391308 
1.397848 
1.404430 
1.411051 

80 
81 
82 
83 
84 

1.411715 
1.418374 
1.425072 
1.431807 
1.438679 

1.412380 
1.410043 
1.425744 
1.432483 
1.439250 

1.413044 
1.419711 
1.426410 
1.433158 
1.439938 

1.413709 
1.420380 
1.427089 
1.433836 
1.440019 

1.414374 
1.421049 
1.427761 
1.434511 
1.441299 

1.415040 
1.421719 
1.426435 
1.435188 
1.441980 

1.415706 
1.422390 
1.429109 
1.435866 
1.442661 

1.416373 
1.423059 
1.429782 
1.436543 
1.443342 

1.417039 
1.423730 
1.430457 
1.437222 
1.444024 

1.417707 
1.424400 
1.431131 
1.437900 
1.444705 

85 
80 
87 
88 

80 

1.445388 
1.452232 
1.450114 
1.400032 
1.472966 

1.446071 
1.452919 
1.450805 
1.466726 
1.473664 

1.440754 
1.453605 
1.460495 
1.467420 
1.474381 

1.447438 
1.454292 
1.461186 
1.408116 
1.475060 

1.448121 
1.454980 
1.461877 
1.468810 
1.476779 

1.448806 
1.455668 
1.462568 
1.409504 
1.4764n 

1.449491 
1.456357 
1.463280 
1.470200 
1.477176 

1.450175 
1.457045 
1.463953 
1.470896 
1.477876 

1.450860 
1.457736 
1.464645 
1.471592 
1.478575 

1.451546 
1.458434 
1.465338 
1.472289 
1.479276 

90 
01 
02 
08 
94 

1.479970 
1.487002 
1.494003 
1.501158 
1.506289 

1.480877 
1.487707 
1.494771 
1.501870 
1.509004 

1.481378 
1.488411 
1.495479 
1.502582 
1.509720 

1.482060 
1.480117 
1.496188 

1.510435 

1.482782 
1.469623 
1.496897 
1.504006 
1.511151 

1.483484 
1.490528 
1.497606 
1.504719 
1.511868 

1.484187 
1.491234 
1.496316 
1.505432 
1.612585 

1.484890 
1.491941 
1.499026 
1.506146 
1.513302 

1.486503 
1.492647 
1.499736 
1.606859 
1.514019 

1.486207 
1.493356 
1.500447 
1.507574 
1.514737 

95 
90 
97 
98 
99 

1.615466 
1.522656 
1.520691 
1.537161 
1.544402 

1.510174 
1.523378 
1.530616 
1.537869 
1.545194 

1.616893 
1.524100 
1.531342 
1.538618 
1.545026 

1.517012 
1.524823 
1.632068 
1.539347 
1.546650 

1.518332 
1.525546 
1.532794 
1.540070 
1.547392 

1.519051 
1.526209 
1.533521 
1.540606 
1.548127 

1.519771 
1.626993 
1.534248 
1.541536 
1.548861 

1.520492 
1.627717 
1.534976 
1.542267 
1.549506 

1.521212 
1.528441 
1.535704 
1.542998 
1.650329 

1.521034 
1.529160 
1.636432 
1.643730 
1.561004 

100 

1.651800 
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Table  13. — DenHty  of  solutions  of  sulphuric  acid  (Ha^O*)  aitO^  C. 

[Calcolfited  from  Dr.  J.  Domke's  table.^    Adopted  as  the  basis  for  standardization  of  hydrometers  indi- 
cating per  cent  of  sulphuric  add  at  20^  C.) 


Per  cent  H1SO4 

x>fc 

Per  cent  H18O4 

-?c 

Per  cent  H1SO4 

ofc 

a00623 

50 

.1.39505 

01.0 

1.81950 

1.00506 

51 

L40487 

01.2 

1.82045 

1.01178 

52 

1. 41481 

0L4 

1.82187 

1.01830 

53 

1.42487 

0L6 

1.82227 

1.02500 

54 

1.43508 

01.8 

1.82815 

1.03168 

55 

1.44530 

02.0 

1.82401 

1.03843 

56 

1.45568 

02.2 

1.82484 

1.04527 

57 

1.46615 

02L4 

L82564 

1.05216 

58 

1.47678 

02L6 

1.82641 

1.05000 

50 

1.48740 

92.8 

1.82717 

1.06600 

60 

1. 49818 

03.0 

1.82790 

1.07314 

61 

1.50004 

03.2 

1.82860 

1.06026 

62 

L 51000 

03.4 

1.82928 

1.06744 

63 

1.53102 

03.6 

1.82008 

1.00468 

64 

1.54213 

03.8 

1.83055 

1. 10100 

65 

1.56333 

04.0 

L  83115 

1.10036 

66 

1.56460 

04.2 

1.83172 

1.11670 

67 

1.57505 

04.4 

1.83226 

18 

1.12428 

68 

L58730 

04.6 

1.83276 

19 

1.13183 

60 

1.50800 

04.8 

1.83824 

20 

1.13043 

70 

1.61048 

05.0 

1.83368 

21 

1. 14700 

71 

1.62218 

05.1 

L83380 

22 

1.15480 

72 

1.68384 

05.2 

1.83410 

23 

1.16258 

73 

1.64560 

05.3 

1.83480 

24 

1. 17041 

74 

1.65738 

05.4 

1.83449 

25 

1.17830 

75 

1.66017 

05.5 

1.83460 

26 

1.18624 

76 

1.68005 

05.6 

1.83486 

27 

1.10423 

77 

1.60268 

05.7 

1.83508 

28 

1.20227 

78 

1.70433 

05.8 

1.88520 

20 

1.21036 

70 

1.71585 

95.0 

1.83534 

30 

1.21850 

80 

1. 72717 

96.0 

1.83548 

31 

1.22660 

81 

1.73827 

96.1 

L83560 

32 

1.23402 

82 

1.74004 

96.2 

1.83572 

33 

1.24320 

83 

1.75048 

96.3 

1.83584 

34 

1.25154 

84 

1.70032 

96.4 

1.83594 

35 

1.25002 

85 

1.77860 

96.5 

L83604 

36 

1.26836 

85.5 

1.78300 

96.6 

1.83613 

37 

1.27685 

86 

1.78721 

96.7 

1.83621 

38 

1.28543 

86.5 

1.70124 

96.8 

1.83628 

30 

1.29407 

87 

1.70500 

96.9 

1.83634 

40 

1.30278 

87.5 

1.70875 

97.0 

1.83637 

41 

1.81157 

88 

1.80223 

97.1 

1.83630 

42 

1.32043 

8&5 

1.80552 

97.2 

1.83640 

43 

1.82038 

80 

1.80664 

97.3 

1.83640 

44 

1.33843 

89.5 

1.81150 

97.4 

1.83680 

45 

1.34750 

90 

1.81438 

97.5 

1.83637 

46 

1.35686 

9a2 

1.81545 

97.6 

1.83684 

47 

1.36625 

9a4 

1.81650 

97.7 

1.83620 

48 

1.37574 

9a6 

L 81753 

97.8 

1.83628 

40 

1.38533 

9a8 

1.81853 

97.9 

1.88615 

50 

1.39505 

91.0 

1. 81050 

9ao 

1.83605 

I  WisB.  Abh.  der  Kalserlichen  Normal-Eichungs-Kommission,  5,  p.  181;  1000. 
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Table  14. — Temperature  corrections  to  per  cent  of  sulphuric  acid  determined  by 
hydrometer  {standard  at  20^  C.) 

[Calculated  from  the  same  data  as  the  preceding  table,  assuming  Jena  16™  glass  as  the  material  used.  The 
table  should  be  used  with  caution,  and  only  for  approximate  results  when  the  temperature  differs  much 
from  the  standard  temperature  or  from  the  temperature  of  the  surrounding  air] 


Temperature  in  degrees  centigrade 

Observed 

Percent 

HtSOi 

0 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

Subtract  from  observed  per  cent 

Add  to  observed  per  cent 

0 

a  16 
.24 
.29 
.37 
.41 

.41 
.38 
.37 
.38 
.45 

.47 
.60 
.53 
.55 
.61 

.66 
.73 
.81 
.89 
.99 

1.13 
1.32 
1.64 

a35 
.50 
.60 

.75 
.82 

.82 
.77 
.74 
.75 
.90 

.03 
1.00 
1.06 
1.12 
1.23 

1.35 
1.50 
1.67 
1.86 
2.10 

Z44 
3.00 

a50 
.79 
.93 
1.14 
1.24 

L22 
1.15 
1.11 
1.13 
1.36 

1.42 
1.51 
1.59 
1.74 
1.88 

2.08 
2.31 
2.59 
2L91 
3.4* 

4.1 

0.86 
1.11 
1.28 
1.53 
1.65 

1.62 
1.52 
1.48 
1.60 
L83 

1.93 
2.04 
2L18 
2.36 
2L57 

2.84 

Z.2 

3.6 

4.1 

4.9 

1.17 
1.45 
1.65 
1.93 
2.07 

2.03 
1.90 
1.84 
1.86 
2.31 

2.44 
2.58 
2.78 
8.0 
3.3 

a7 

4.1 
4.7 
5.6 

1.5 
1.8 
2.0 
2.3 
2.5 

24 
2.3 
2.2 
2.2 
2.8 

3.0 
3.1 
8.4 
8.7 
4.0 

4.6 
5.2 
6.0 

1.9 
2.2 
2.4 
2.7 
2.9 

2.8 
2.6 
2.6 
2.6 
8.8 

8.5 
8.7 
4.0 
4.4 
4.9 

5.5 

2.1 

6 
10 
20 
30 

40 
SO 
60 
70 
80 

81 
82 
83 
84 
85 

86 
87 

0.50 
.92 
1.39 
1.64 

L66 
1.56 
1.52 
1.64 
1.72 

1.76 
1.84 
1.94 
2.05 
2.20 

2.36 
2.54 
2L75 
8.01 
3.27 

8.57 
3.91 
4.29 
4.75 
5.29 

5.96 
6.78 

0.49 
.72 
1.06 
1.23 

1.24 
1.17 
1.14 
1.16 
1.30 

L34 
1.41 
L48 
1.57 
1.67 

1.80 
L95 
2.12 
2L31 
2.53 

2.78 
3.06 
3.38 
3.77 
4.26 

4.88 
5.68 

a36 
.51 
.72 
.82 

.82 
.78 
.76 
.76 
.87 

.92 
.96 
LOO 
1.06 
L13 

1.22 
1.32 
1.44 
1.58 
1.73 

1.93 
2.13 
2.37 
2.69 
3.12 

3.65 
4.42 

a20 
.27 
.36 
.41 

.41 
.39 
.38 
.38 
.44 

.44 

.47 
.50 
.53 
.57 

.62 

.67 
.74 
.82 
.91 

1.01 
1.12 
1.26 
1.46 

1;76 

2.10 
2.90 

2.6 
2.8 
8.1 
3.8 

3.2 
3.0 
2.9 
8.0 
3.8 

4.0 
4.8 
4.6 
5.1 
6.8 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 
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Table  15. — Temperature  corrections  to  readings  of  specific  graoity  hydrometers  in 
American  petroleum  oils  at  various  temperatures 

[Standard  at  9ffltXf  F.] 


Observed  spedflc  Kravity 

Obaerred 
tempera- 
ture *F. 

0.650 

0.700 

0.750 

0.800 

0.860 

0.900 

0.960 

Sabtract  from  observed  spedflc  gravity 

30 
32 
34 
36 
38 

40 
42 
44 

40 
48 

fiO 
62 
M 
M 

a  0168 
.0148 
.0137 
.0126 
.0116 

.0106 
.0094 
.0083 
.0072 
.0062 

.0062 
.0042 
.0031 

.0010 

a  0146 
.0136 
.0126 
.0116 
.0108 

.0097 
.0087 
.0077 
.0067 
.0067 

.0048 
.0038 
.0029 
.0019 
0010 

a  0136 
.0126 
.0116 
.0107 
.0098 

.0060 
.0080 
.0071 
.0062 
.0062 

.0044 
.0035 
.0025 
.0017 
.0009 

a  0121 
.0113 
.0106 
.0097 
.0069 

.0081 
.0072 
.0064 
.0056 
.0048 

.0040 
.0032 
.0024 
.0016 
.0008 

a  0111 

.0104 
.0007 
.0069 
.0082 

.0074 
.0066 
.0069 
.0062 
.0046 

.0037 
.0030 

.0015 
.0007 

a  0107 

.0100 
.0008 

.0066 
.0078 

.0071 
.0064 
.0067 
.0060 
.0043 

.0036 
.0028 
.0021 
.0014 
.0007 

a  0107 
.0100 
.0003 
.0066 
.0078 

.0071 
.0064 

.0057 
.0050 
.0043 

.0036 
.0028 
.0021 
.0014 
.0007 

Add  to  observed  spedflc  gravity 

60 
62 
64 
66 
68 

70 
72 
74 

76 
78 

80 
82 
84 
86 
88 

90 
92 

aoooo 

.0010 
.0021 
.0081 
.0041 

.0061 
.0061 
.00?! 
.0081 
.0092 

.0102 
.0112 
.0122 
.0132 
.0142 

.0152 

0.0000 
.0009 
.0019 
.0028 
.0038 

.0048 
.0067 
.0066 
.0075 
.0085 

.0094 
.0103 
.0113 
.0122 
.0132 

.0141 
.0151 
.0160 
.0169 
.0179 

.0188 
.0196 
.0205 
.0214 
.0223 

.0232 
.0240 
.0250 
.02.^^8 
.0266 

.0275 

aoooo 

0009 
.0018 
.0026 
.0036 

.0043 
.0052 
.0060 
.0069 
.0078 

.0066 
.0094 
.0103 
.0112 
.0120 

.0128 
.0136 
.0145 
.0163 
.0162 

.0170 
.0178 
.0186 
.0194 
.0202 

.0210 
.0218 
.0225 
.0233 
.0241 

.0240 

aoooo 

.0008 
.0016 
.0024 
.0031 

.0089 
.0047 
.0055 
.0063 
.0070 

.0078 
.0086 
.0094 
.0101 
.0109 

.0116 
.0123 
.0131 
.0137 
.0145 

.0163 
.0161 
.0168 
.0176 
.0184 

.0191 
.0198 
.0205 
.0213 
.0220 

.0227 

aoooo 

.0007 
.0014 
.0022 
.0029 

.0037 
.0044 
.0062 
.0069 
.0066 

.0073 
.0061 
.0088 
.0096 
.0103 

.0110 
.0117 
.0124 
.0130 
.0137 

.0144 
.0152 
.0159 
.0166 
.0173 

.0180 
.0187 
.0194 
.0201 
.0208 

.0216 

aoooo 

.0007 
.0014 

.0029 

.0086 
.0043 
.0060 
.0057 
.0064 

.0072 
.0079 
.0085 
.0092 
.0009 

.0106 
.0114 
.0120 
.0127 
.0136 

.0141 
.0148 
.0156 
.0162 
.0160 

.0176 
.0183 
.0189 
.0196 
.0202 

.0210 

aoooo 

.0007 
.0014 
.0021 
.0038 

.0036 
.0042 
.0049 
.0056 
.0063 

.0070 
.0077 
.0084 
.0091 
.0096 

.0106 
.0112 

94 

.0118 

96 

.0126 

98 

.0133 

100 

.0139 

102 

.0146 

104 

.0163 

106 

.0160 

108 

.0166 

110 

.0173 

112 

.0180 

m 

.0187 

116 

.0194 

118 

.0200 

120 

.  0207 

(This  table  is  calculated  from  the  same  data  as  Table  3,  Circular  No.  154,  Bureau  of  Standards.) 
For  complete  petroleum  oil  tables  see  Circular  No.  164,  Bureau  of  Standards. 
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Table  16. — Temperaiure  corrections  to  readings  of  A.  P.  /.  hydrometers  in  Ameri' 
can  petroleum  oils  at  various  temperatures 


[Standard  at  9ff  F.;  modohis  141.5] 

Observed  degrees  A.  P. 

I. 

Observed 

temperature 

20.0 

30.0 

40.0 

50.0 

60.0 

7ao 

80.0 

90.0 

Add  to  observed  degrees  A. 

p.  L 

30 

1.7 

2.0 

2L4 

3.0 

a  6 

4.3 

4.9 

a8 

32 

1.6 

1.9 

2.3 

Z8 

a  4 

4.0 

4.6 

a4 

34 

1.5 

1.7 

Zl 

Z6 

ai 

a7 

4.2 

ao 

3« 

1.4 

1.6 

1.9 

Z4 

Z9 

a4 

a9 

4.6 

38 

1.3 

1.5 

L8 

Z2 

Z6 

ai 

ao 

4.2 

40 

1.2 

i.a 

1.6 

ZO 

Z4 

Z8 

a2 

as 

42 

1.0 

1.2 

1.4 

1.8 

Zl 

Z5 

Z9 

a4 

44 

.0 

1.0 

1.3 

L6 

L9 

Z2 

Z6 

ao 

46 

.8 

.9 

1.1 

L4 

L6 

L9 

Z2 

Z6 

48 

.7 

.8 

1.0 

L2 

L4 

L7 

L9 

Z2 

fiO 

.6 

.7 

.8 

LO 

L2 

L4 

L6 

L9 

52 

.6 

.5 

.6 

.8 

.9 

LI 

L8 

L5 

54 

.3 

.4 

.5 

.6 

.7- 

.8 

LO 

LI 

56 

.2 

.2 

.3 

.4 

.4 

.5 

.6 

.7 

58 

.1 

.1 

.2 

.2 

.2 

.3 

.3 

.3 

Subtract  from  observed  degrees 

s  A.  P.  I. 

eo 

ao 

ao 

ao 

ao 

ao 

ao 

ao 

ao 

62 

.1 

.1 

.2 

.2 

.2 

.2 

.8 

.3 

64 

.2 

.3 

.8 

.4 

.5 

.5 

.6 

.7 

66 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

LI 

68 

.6 

.5 

.6 

.8 

.9 

LI 

L2 

L4 

70 

.6 

.7 

.8 

LO 

LI 

L4 

L6 

L8 

72 

.7 

.8 

.9 

LI 

L4 

L6 

LO 

Z2 

74 

.8 

.9 

LI 

L8 

L6 

L9 

Z2 

Z5 

76 

.9 

1.1 

L2 

L6 

L8 

Zl 

Z6 

Z8 

78 

LO 

L2 

L4 

L7 

ZO 

Z4 

Z8 

a2 

80 

tl 

1.8 

L6 

L9 

Z2 

Z6 

ai 

as 

82 

1.3 

L5 

L7 

ZO 

Z6 

Z9 

a4 

ao 

84 

1.4 

L6 

L9 

Z2 

Z7 

a2 

a7 

4.2 

86 

1.5 

1.7 

ZO 

Z4 

Z9 

a4 

4.0 

4.6 

88 

1.6 

1.8 

Zl 

Z6 

ai 

a7 

4.3 

4.9 

90 

1.7 

2L0 

Z3 

Z8 

a3 

a9 

4.5 

a2 

02 

L8 
1.9 
ZO 
2.1 

Z2 
2.4 
Z5 
2L6 
2.7 

2L8 
2.9 
3.0 
3.1 
3.2 

3.3 

2.1 
12 
Z3 
2.5 

2L6 
2L7 
2.8 
3.0 
3.1 

8.2 
8.3 
3.5 

ao 

8.7 
8.8 

Z4 
Z6 
Z7 
Z9 

3.0 
3.2 
3.3 
3.5 
3.6 

3.8 
3.9 
4.0 
4.2 
4.3 

4.5 

Z9 
8.1 
8.8 
8.4 

ae 
as 

4.0 
4.1 
4.3 

4.5 
4.6 
4.8 

ao 
ai 

a3 

a5 
a8 

4.0 
4.2 

4.4 

4.6 
4.8 

ao 
a2 

a4 

ao 
a8 
ao 
a2 

a4 

M 

..... 

06 



08 

.. ... 



100 

102 

104 

106 

108 

110 

112 

114 

116 

118 

120 

(This  table  Is  calculated  from  the  same  data  as  Table  1,  Circular  No.  164»  Bureau  of  Standards.) 
For  complete  petroleum  oil  tables  see  Circular  No.  154,  Bureau  of  Standards. 

NoTi.— In  order  to  overcome  the  confusion  that  has  existed  In  the  petroleum-oU  Industry  by  reason  of 
the  use  of  two  so-called  Baum6  scales  for  light  liquids,  the  American  Petroleum  Institute,  the  Bureau  of 
Mines,  and  the  Bureau  of  Standards  in  December,  1921,  agreed  to  recommend  that  in  the  future  only  the 
scale  based  on  the  modulus  141.5  be  used  in  the  petroleum-oil  industry,  and  that  it  be  known  as  the  A.  P.  I. 
scale.  The  relation  of  degrees  A.  P.  I.  to  specific  gravity  is  expressed  by  the  formula 

141.5 


Degrees  A.  P.  I  "sp.  Or.  60«'/60«'  F."^^^  * 


The  IT.  8.  Banm6  scale  l)ased  on  the  modulus  140  will  continue  to  be  used  for  other  liquids  lighter  than 
water. 
(See  Tables  24  and  25  of  this  circular  for  the  relation  of  degrees  A.  P.  I.  to  specific  gravity.) 
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Tablb  17. — Degrees  BaunU,  degrees  A,  P,  /.,*  pounds  per  gaUortf  and  gallons  per 
pound  corresponding  to  various  specific  gravities 


«P^/X/»ty 

Degrees  Baum6 
(modulus  140) 

DegreeeA.P.I. 
(modulus  141.6) 

Pounds  per  gallon 

OaDonB  per  pound 

0.600 

103.33 

10133 

1993 

a2Q03 

.6ia 

99.61 

100.47 

5.076 

.1070 

.020 

96.81 

96w73 

5.160 

.1938 

.630 

92.22 

93.10 

5.243 

.1907 

.640 

88.76 

80.50 

5.326 

.1877 

.650 

85.38 

8&19 

5.410 

.1848 

.660 

82.12 

82  89 

5.493 

.1820 

.670 

78.96 

79.69 

5.577 

.1703 

.680 

75.88 

76.50 

6.660 

.1767 

.600 

72.90 

73.57 

5.743 

.1741 

.700 

70.00 

7a  64 

5.827 

.1716 

.710 

67.18 

67.80 

6.910 

.1092 

.720 

64.44 

65.03 

5.994 

.1668 

.730 

61.78 

62L34 

6.077 

.1646 

.740 

59.19 

59.72 

6.160 

.1623 

.760 

56.67 

57.17 

6.244 

*.1602 

.760 

54.21 

5168 

6.327 

.1580 

.770 

51.82 

52.27 

6.410 

.1560 

.780 

49.49 

49.91 

6.494 

.1540 

.790 

47.22 

47.61 

6.577 

.1520 

.800 

45.00 

4&88 

6.661 

.1501 

.810 

42.84 

43.19 

6.744 

.1483 

.820 

4a  73 

41.06 

6.827 

.1465 

.830 

88.68 

38.96 

6.911 

.1447 

.840 

3&67 

36.95 

6.994 

.1430 

.860 

34.71 

3197 

7.078 

.1413 

.860 

32.79 

83.03 

7.161 

.1306 

.870 

30.92 

81.14 

7.244 

.1380 

.880 

29.09 

29L80 

7.328 

.1366 

.890 

27.30 

27.49 

7.411 

.1340 

.900 

26.56 

25.72 

7.494 

.1334 

.910 

23.85 

23.99 

7.678 

.1320 

.920 

22.17 

22L30 

7.661 

.1305 

.030 

20.54 

2a  65 

7.745 

.1201 

.940 

1&04 

19.03 

7.828 

.1278 

.060 

17.37 

17.45 

7.911 

.1264 

.960 

15.83 

15.90 

7996. 

.1251 

.970 

14.33 

1138 

a078 

.1238 

.980 

12.86 

12.80 

&162 

.1225 

.900 

11.41 

11.43 

&245 

.1213 

1.000 

laoo 

laoo 

a  328 

.1201 

1  See  note,  p.  29. 

For  complete  petroleum  oil  tables  see  Circular  No.  154,  Bureau  of  Standards. 
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Table  18. — Specific  gravities,  pounds  per  gallon,  and  gallons  per  pound  corre- 
sponding to  various  degrees  BaunU  for  light  liquids 


Degrees 

Baurn^ 

(modoluB 

140) 

Specific 

Pounds  per 
gallon 

Gallons  per 
pound 

Degrees 

Baum6 

(modulus 

140) 

Specific 

Pounds  per 
gallon 

Gallons  per 
Pound 

lao 

1.0000 

&328 

a  1201 

55.0 

a  7668 

asoo 

0.1587 

11.0 

.9029 

&269 

.1209 

6ao 

.7627 

a266 

.1596 

12.0 

.0660 

a  211 

.1218 

67.0 

.7487 

a233 

.1604 

13.0 

.9790 

&163 

.1227 

6ao 

.7447 

a  199 

.1613 

14.0 

.9722 

8.096 

.1236 

69.0 

.7407 

a  166 

.1622 

UO 

.9656 

8.041 

.1244 

oao 

.7368 

a  134 

.1630 

16.0 

.9689 

7.966 

.1262 

6L0 

.7330 

a  102 

.1689 

17.0 

.9624 

7.931 

.1261 

02.0 

.7292 

a  070 

.1647 

18.0 

.9469 

7.877 

.1270 

03.0 

.7264 

a038 

.1656 

19l0 

.0390 

7.826 

.1278 

64.0 

.7216 

aoo7 

.1666 

20.0 

.9333 

7.772 

.1287 

65.0 

.7179 

a  976 

.1673 

21.0 

.9272 

7.721 

.1296 

6ao 

.7143 

a946 

.1682 

22L0 

.9211 

7.670 

.1304 

67.0 

.7107 

a  916 

.1690 

23.0 

.9160 

7.620 

.1313 

oao 

.7071 

a886 

.1699 

210 

.9091 

7.670 

.1321 

09.0 

.7036 

a866 

.1708 

26.0 

.9032 

7.622 

.1330 

7a  0 

.7000 

a827 

.1716 

26.0 

.8974 

7.473 

.1338 

7L0 

.6965 

a  796 

.1726 

27.0 

.8017 

7.426 

.1347 

72.0 

.6931 

a  769 

.1733 

28.0 

.8861 

7.378 

.1366 

73.0 

.6807 

a  741 

.1742 

20.0 

.8806 

7.332 

.1364 

74.0 

.6863 

a  712 

.1761 

30.0 

.8760 

7.286 

.1373 

7a  0 

.6829 

a685 

.1769 

31.0 

.8696 

7.241 

.1381 

7a  0 

.6796 

a  667 

.1768 

32.0 

.8642 

7.196 

.1390 

77.0 

.6763 

a629 

.1776 

33.0 

.8689 

7.162 

.1396 

7a  0 

.6731 

a6Q2 

.1785 

34.0 

.8637 

7.108 

.1407 

79.0 

.6699 

a  676 

.1793 

36.0 

.8486 

7.066 

.1416 

sao 

.6667 

a  549 

.1802 

36.0 

.8434 

7.022 

.1424 

81.0 

.6635 

a  622 

.1811 

37.0 

.8383 

6.960 

.1433 

82.0 

.6604 

a  497 

.1819 

3&0 

.8333 

0.939 

.1441 

83.0 

.6673 

a  471 

.1828 

30.0 

.8284 

&898 

.1460 

84.0 

.6542 

a446 

.1837 

4ao 

.8236 

a  867 

.1450 

85.0 

.6512 

a  420 

.1845 

41.0 

.8187 

a  817 

.1467 

8ao 

.6482 

a  395 

.1854 

42.0 

.8140 

a  777 

.1476 

87.0 

.6452 

a  370 

.1862 

43.0 

.8092 

a738 

.1484 

8&0 

.6422 

a  345 

.1871 

440 

.8046 

a609 

.1493 

89.0 

.6393 

a  320 

.1880 

45.0 

.8000 

a  661 

.1501 

oao 

.6364 

a  296 

.1888 

4&0 

.7966 

a623 

.1610 

OLO 

.6336 

a  272 

.1897 

47.0 

.7910 

a686 

.1618 

92.0 

.6306 

a248 

.1906 

48.0 

.7866 

a648 

.1627 

83.0 

.6278 

a225 

.1914 

49.0 

.7821 

a  611 

.1636 

910 

.6250 

a  201 

.1923 

6ao 

.7778 

a  476 

.1644 

oao 

.6222 

a  178 

.1931 

61.0 

.7736 

a440 

.1663 

oao 

.6195 

a  165 

.1940 

62.0 

.7692 

a404 

.1662 

97.0 

.6167 

a  132 

.1949 

63.0 

.7660 

a369 

.1670 

oao 

.6140 

a  no 

.1967 

64.0 

.7609 

a334 

.1679 

99.0 

.6114 

a088 

.1966 

66.0 

.7668 

a  300 

.1687 

loao 

.6087 

a  066 

.1974 

105396°— 24t- 
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Table  19. — Specific  gravities,  pounds  per  gallon,  and  aaUons  per  pound  corre^ 
sponding  to  various  degrees  A.  P.  /.' 


aTl 

Specific 

Pounds 

Gallons 

?Tf 

specific 

Pounds 

Gallons 

(modulus 
141.5) 

gravity 
60*»/60''  F. 

per 
gallon 

per 
pound 

(modulus 
141.5) 

a^eop^. 

gallon 

per 
pound 

lao 

1.0000 

&328 

a  1201 

55.0 

a  7587 

&316 

a  1583 

11.0 

.9030 

a  270 

.1209 

56.0 

.7647 

6u283 

.1502 

12L0 

.9661 

a  212 

.1218 

57.0 

.7507 

6.349 

.1600 

13.0 

.9792 

a  155 

.1226 

5ao 

.7467 

6.216 

.1600 

14.0 

.9725 

aoo9 

.1235 

59.0 

.7428 

6.184 

.1617 

15.0 

.9669 

a044 

.1243 

6ao 

.7389 

6.151 

.1636 

16.0 

.9593 

7.989 

.1252 

.     61.0 

.7351 

6.119 

.1634 

17.0 

.9529 

7.935 

.1260 

62.0 

.7313 

6u067 

.1643 

lao 

.9465 

7.882 

.1260 

63.0 

.7275 

6.066 

.1651 

19.0 

.9402 

7.830 

.1277 

64.0 

.7238 

6.025 

.1660 

2ao 

.0340 

7.778 

.1286 

05wO 

.7201 

5.994 

.1668 

21.0 

.9279 

7.727 

.1294 

66.0 

.7165 

6.964 

.1677 

23.0 

9218 

7.676 

.1303 

67.0 

.7128 

6.984 

.1685 

23.0 

.9160 

7.627 

.1311 

6ao 

.7093 

5.904 

.1694 

24.0 

.9100 

7.578 

.1320 

69.0 

.7057 

5.874 

.1702 

25.0 

.9042 

7.520 

.1328 

7ao 

.7022 

5.845 

.1711 

26.0 

.8964 

7.481 

.1337 

71.0 

.6988 

5.817 

.1719 

27.0 

.8927 

7.434 

.1345 

72.0 

.6053 

5w788 

.1728 

28.0 

.8871 

7.387 

.1354 

73.0 

.6910 

5w789 

.1736 

29.0 

.8818 

7.341 

.1362 

74.0 

.6886 

5.731 

.1745 

3ao 

.8762 

7.296 

.1371 

75.0 

.6852 

5w708 

.1753 

31.0 

.8708 

7.251 

.1379 

76.0 

.6819 

5w676 

.1762 

32.0 

.8654 

7.206 

.1388 

77.0 

.6787 

5w649 

.1770 

33.0 

.8602 

7.163 

.1396 

7ao 

.6754 

5w622 

.1779 

34.0 

.8550 

7.119 

.1405 

79.0 

.6722 

5w505 

.1787 

35.0 

.8496 

7.076 

.1413 

sao 

.6690 

5.568 

.1796 

36.0 

.8448 

7.034 

.1422 

81.0 

.6659 

5.542 

.1804 

37.0 

.8398 

6.993 

.1430 

82.0 

.6628 

5.516 

.1813 

sao 

.8348 

6.951 

.1439 

83.0 

.6507 

5.491 

.1821 

39.0 

.8299 

6.910 

.1447 

84.0 

.6566 

5.465 

.1830 

40^0 

.8251 

6.870 

.1456 

85.0 

.6536 

5.440 

.1838 

41.0 

.8203 

6.830 

.1464 

86.0 

.6606 

5.415 

.1847 

42.0 

.«155 

6.790 

.1473 

87.0 

.6476 

6.890 

.1855 

43.0 

.8109 

6.762 

.1481 

8ao 

.6446 

5.365 

.1864 

44.0 

.8063 

6.713 

.1490 

89.0 

.6417 

5.341 

.1872 

45.0 

.8017 

6.675 

.1498 

90.0 

.6388 

6.316 

.1881 

46.0 

.7972 

6.637 

.1607 

91.0 

.6360 

5.293 

.1880 

47.0 

.7927 

6.600 

.1515 

92.0 

.6331 

5.269 

.1896 

4&0 

.7883 

6.663 

.1524 

03.0 

.6303 

5.246 

.1906 

40.0 

.7839 

6.526 

.1532 

94.0 

.6275 

5.222 

.1915 

50.0 

.7796 

6.490 

.1541 

95.0 

.6347 

5wl99 

.1923 

51.0 

.7753 

6.455 

.1549 

96.0 

.6230 

5.176 

.1932 

52.0 

.7711 

6.420 

.1558 

97.0 

.6193 

5.154 

.1940 

63.0 

.7669 

6.385 

.1566 

oao 

.6166 

5.131 

.1949 

64.0 

.7628 

6.350 

.1575 

99.0 

.6130 

5.109 

.1957 

55.0 

.7587 

6.316 

.1583 

1     loao 

.6112 

&066 

.1966 

1  See  note,  p.  29. 

For  complete  petroleum  oil  tables  see  circular  No.  154,  Bureau  of  Standards. 
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Table  20. — Degrees  BaunU  corresponding  to  specific  gravities  at  g^  F.  (  jrkeB  C.  j 
for  liquids  heavier  than  wcUer 


145 


ICalcolated  from  the  formula  degrees  Baomft- 146 ^ps —  which  defines  the  Baum6  scale,  in  general  use  in 

the  United  States,  for  liquids  heavier  than  water] 


^  15956  ^• 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

DIff. 

1.00 

aooo 

a  145 

a289 

a  434 

a  578 

a  721 

a866 

1.008 

1.161 

1.293 

143 

1.01 

1.436 

1.678 

1.719 

1.861 

2.002 

1143 

1283 

2.424 

1664 

1704 

141 

1.02 

2.843 

2.982 

3.121 

3.260 

3.399 

3.637 

3.675 

3.812 

3.960 

4.067 

138 

1.03 

4.223 

4.360 

4.496 

4.632 

4.768 

4.903 

5.038 

6.174 

6.306 

6.443 

186 

1.04 

6.677 

6.711 

6.845 

6.978 

6.111 

6.244 

6.377 

6.609 

6.641 

6.773 

133 

1.06 

6.906 

7.036 

7.167 

7.298 

7.429 

7.669 

7.689 

7.819 

7.949 

&078 

130 

1.06 

8.206 

8.336 

8.466 

8.594 

8.722 

8.850 

8.978 

9.106 

9.232 

9.360 

128 

1.07 

9.486 

9.613 

9.739 

9.865 

9.991 

iaii6 

ia242 

ia367 

ia492 

ia616 

126 

1.08 

10. 741 

10.865 

ia989 

11.113 

11.236 

11.350 

11.483 

11.606 

11.728 

11.860 

124 

1.09 

11.972 

12.094 

12.216 

12.338 

12.459 

12.680 

11701 

11821 

11942 

13.062 

121 

1.10 

13.182 

13.302 

13.421 

13.540 

13.669 

13.778 

13.807 

14.016 

14.134 

14.252 

110 

1.11 

14.370 

14.487 

14.604 

14.721 

14.838 

14.956 

15.072 

16.188 

15.304 

16.420 

117 

1.12 

16,636 

16l661 

16i767 

1&882 

16.997 

16.111 

16.226 

16.340 

16.454 

16.668 

116 

1.13 

16.682 

16.796 

16.906 

17.021 

17. 134 

17.247 

17.359 

17. 471 

17.683 

17.696 

118 

1.14 

17.807 

17. 919 

18.030 

18.141 

1&252 

18.363 

18.473 

1&683 

18.693 

1&803 

111 

1.15 

18. 913 

19.023 

19.132 

19.241 

19.350 

19.459 

19.568 

19.676 

19.784 

19.892 

109 

1.16 

20.000 

20.108 

20.216 

20.322 

20.430 

2a  636 

30.643 

20.750 

20.856 

2a  962 

107 

1.17 

21.068 

21. 174 

21.280 

21.385 

21. 491 

21.596 

21. 701 

21.806 

21. 910 

21014 

106 

1.18 

22.119 

22.223 

22.827 

22.430 

22.634 

22.637 

22.740 

21843 

21946 

23.049 

108 

1.19 

23.151 

23.264 

23.356 

23.458 

23.660 

23.661 

23.763 

23.864 

23.966 

24.066 

101 

1.20 

24.167 

24.267 

24.368 

24.468 

24.568 

24.668 

24.768 

24.868 

24.967 

26.066 

100 

1.21 

26.165 

28.264 

25.363 

25.462 

25.560 

25.668 

25.766 

26.865 

26.952 

36.060 

96 

1.22 

26.148 

26.245 

26.342 

26.439 

26.636 

26.633 

26.729 

26.826 

26.922 

27.018 

07 

1.23 

27.114 

27.210 

27.306 

27.401 

27.496 

27.691 

27.686 

27.781 

27.876 

27.970 

06 

1.24 

28.066 

28.159 

28.253 

28.347 

28.441 

28.534 

28.628 

28.721 

28.814 

28.907 

04 

1.25 

29.000 

29.093 

29.185 

29.278 

29.370 

29.462 

29.654 

29.646 

29.738 

29.829 

92 

1.26 

29.921 

30.012 

30.103 

30.194 

30.285 

3a  376 

3a  466 

30.566 

3a  647 

3a  737 

91 

1.27 

3a  827 

80.917 

31.006 

31.096 

31.185 

31.275 

31.364 

31.463 

31.542 

31.630 

80 

1.28 

31. 719 

31.807 

31.896 

31.984 

32.072 

32.160 

32.247 

31336 

31422 

31610 

88 

1.29 

32.697 

32.684 

32.771 

32.858 

32.944 

33.031 

33.117 

33.204 

33.290 

33.376 

87 

1.30 

33.462 

33.547 

33.633 

33.718 

33.804 

33.889 

33.^4 

34.050 

34.144 

34.229 

86 

1.31 

34.313 

34.397 

34.482 

34.566 

34.660 

84.734 

34.818 

34.901 

34.966 

36.068 

84 

1.32 

35.152 

35.235 

35.318 

35.401 

35.483 

36.566 

35.649 

36.731 

36.813 

36.895 

88 

1.33 

35.977 

36.059 

36. 141 

36.223 

36.304 

36.386 

36.467 

36.648 

36.629 

36.710 

81 

1.34 

36.791 

36.872 

36.952 

37.033 

37. 113 

37.193 

87.273 

37.353 

37.433 

87. 513 

80 

1.35 

37.593 

37.672 

37. 751 

37.831 

37.910 

37.989 

88.068 

38.147 

3a  225 

38.304 

79 

1.36 

38.382 

88.461 

3&539 

38.617 

38.695 

38.773 

38.861 

38.926 

39.006 

39.083 

78 

1.37 

39.161 

39.238 

39.316 

39.392 

39.469 

39.646 

39.622 

39.609 

39.776 

30.861 

n 

1.38 

39.928 

40.004 

40.080 

40.156 

40.231 

40.307 

40.382 

40.458 

40.633 

40.606 

76 

1.39 

40.683 

4a  768 

40.833 

40.908 

40.963 

41.057 

41. 132 

41.206 

41.280 

41.355 

76 

1.40 

41.429 

41.503 

41. 576 

41.650 

41.724 

41.797 

41.871 

41.944 

41017 

41090 

74 

1.41 

42.163 

42.236 

42.309 

42.381 

42.454 

42.627 

42.699 

41671 

41743 

41815 

73 
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Table  20. — Degrees  BaunU  corresponding  to  specific  gravities  cU  ^^  F.  (  j^rh  C  ) 
for  liquids  heavier  than  water — Continued 


^  16966  ^• 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

Diff. 

1.41 

42.163 

42.236 

42.309 

42.381 

42.464 

42.527 

42.599 

42.  671 

42. 743 

42.816 

73 

1.42 

42.887 

42.969 

43.031 

43.103 

43.174 

43.246 

43.317 

43.388 

43.460 

43.630 

72 

1.43 

43.601 

43.672 

43.743 

43.814 

43.884 

43.956 

41025 

44.095 

41166 

41236 

71 

1.44 

44.306 

44.376 

44.445 

44.616 

44.586 

44.664 

41724 

41793 

41862 

41931 

70 

1.45 

46.000 

46.009 

46.138 

45.207 

45.275 

46.344 

46.412 

45.481 

46.649 

45.617 

69 

1.4« 

46.685 

45.753 

46.821 

45.889 

46.966 

46.024 

46.091 

46.159 

46.226 

46.293 

67 

1.47 

46.361 

46.428 

46.406 

46.662 

46.628 

46.695 

46.762 

46.828 

46.894 

46.961 

67 

1.48 

47.027 

47.093 

47.169 

47.226 

47.291 

47.357 

47.423 

47.488 

47.664 

47. 619 

6« 

1.49 

47.686 

47.750 

47.816 

47.880 

47.945 

48.010 

48.076 

48.140 

48.204 

48.209 

65 

1.60 

48.333 

48.398 

48.462 

48.620 

48.591 

48.666 

48.719 

48.782 

48.846 

48.910 

64 

1.61 

48.974 

49.037 

49. 101 

49.164 

49.227 

49.290 

49.364 

49.417 

49.480 

49.643 

63 

1.62 

49.605 

49.668 

49.731 

49.793 

49.856 

49. 918 

49.960 

6a  043 

50.105 

60.167 

62 

1.63 

50.229 

50.291 

5a  363 

50.414 

50.476 

60.638 

5a  699 

5a  660 

50.722 

6a  783 

61 

1.64 

50.844 

60.906 

6a  966 

61.027 

61.088 

51. 149 

61. 210 

61.270 

61.331 

61.391 

61 

1.65 

61.452 

51. 512 

61. 572 

61.632 

61.692 

61.762 

61.812 

51.872 

61.932 

61.092 

60 

1.66 

52.051 

52.111 

62.170 

62.230 

52.289 

62.348 

62.407 

62.467 

52.526 

62.685 

69 

1.67 

52.643 

51702 

62.761 

52.820 

52.878 

52.937 

52.996 

63.063 

63.112 

63.170 

69 

1.68 

63.228 

53.286 

63.344 

63.402 

63.460 

63.517 

63.676 

53.633 

53.690 

63.748 

68 

1.69 

63.806 

63.862 

63.920 

63.977 

64.034 

64.091 

51148 

61206 

61262 

61318 

67 

1.60 

61376 

64.432 

64.488 

64.646 

64.601 

64.657 

61714 

61770 

61826 

61882 

66 

1.61 

64.938 

64.994 

56.050 

65.106 

66.161 

65.217 

66.272 

56.328 

55.383 

66.439 

66 

1.62 

66.494 

66.649 

66.604 

65.659 

66.714 

65.760 

66.824 

65.879 

66.934 

65.968 

65 

1.63 

66.043 

56.098 

56.152 

66.206 

66.261 

66.315 

56.369 

56.423 

66.478 

66.631 

54 

1.64 

66.686 

66.639 

66.693 

66.747 

66.801 

66.864 

56.908 

66.961 

67. 015 

67.068 

54 

1.66 

67. 121 

67. 176 

57.228 

67.281 

57.334 

57.387 

57.440 

57.493 

57.546 

67.698 

63 

1.66 

67.651 

67.703 

67.766 

67.806 

57.861 

67. 913 

57.966 

68.017 

58.070 

68.122 

62 

1.67 

68.174 

68.226 

68.278 

68.329 

68.381 

68.433 

68.486 

68.636 

58.688 

68w639 

62 

1.68 

68.090 

68.742 

58.793 

58.844 

68.896 

58.947 

58.998 

59.049 

59.100 

69.150 

51 

1.69 

50.201 

69.252 

60.303 

69.363 

69.404 

69.464 

69.606 

69.556 

59.605 

69.666 

60 

1.70 

59.706 

69.756 

50.806 

69.866 

60.906 

69.956 

6a  006 

60.056 

6a  105 

6ai66 

60 

1.71 

6a  205 

6a  254 

6a  304 

6a  363 

6a  403 

6a  462 

60.501 

6a  650 

6a  600 

fla649 

49 

1.72 

6a  608 

6a  747 

6a  796 

6a  844 

6a  893 

6a  942 

6a  991 

61.039 

61.068 

61.136 

49 

1.73 

61.186 

61.234 

61.282 

61.330 

61. 378 

61.427 

61.  475 

61.523 

61. 571 

61. 619 

48 

1.74 

61.667 

61.716 

61. 762 

61.810 

61.858 

61.906 

61.953 

62.001 

62.048 

62.096 

48 

1.75 

62.143 

62.190 

62.237 

62.285 

62.332 

62.379 

62.426 

62.473 

62.520 

62.567 

47 

1.76 

62.614 

62.660 

62.707 

62.764 

62.801 

62.847 

62.894 

62.940 

62.987 

63.083 

46 

1.77 

63,079 

63.126 

63.172 

63.218 

63.264 

63.310 

63.356 

63.402 

63.448 

63.494 

46 

1.78 

63.639 

63.685 

63.631 

63.676 

63.722 

63.768 

63.813 

63.868 

63.904 

63.949 

46 

1.79 

63.994 

64.040 

64.086 

64.130 

64.175 

64.220 

61266 

61310 

61355 

61400 

46 

1.80 

64.446 

64.489 

64.534 

64.679 

64.623 

61668 

61712 

61757 

61801 

61845 

45 

1.81 

64.890 

64,934 

64,978 

65.022 

65.066 

65.110 

65.164 

65.198 

65.242 

66.286 

44 

1.82 

65.330 

66.374 

65.417 

65.461 

65.504 

65.548 

65.691 

65.635 

66.678 

65.722 

43 

1.83 

65.765 

65.808 

65.852 

65.895 

65.938 

65.981 

66.024 

66.067 

66.110 

66.153 

43 

1.84 

66.196 

66.238 

66.281 

66.324 

66.367 

66.409 

66.452 

66.494 

66.637 

66.679 

42 

1.85 

66.622 
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Table  21. — Specific  gravities  at  qqo  P»  (  J^gg  ^'  )  Corresponding  to  degrees  Baumi 
for  liquids  heavier  than  water 


L^a 

icuiaceao 

rom  ine  k 

>rmiuasp( 

Msncgrav 

itygOiiT 

■l46-Deg.  BaumO 

Tenths  of  degrees  Bauin6 

Degrees 

Baam6 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

0 

1.0000 

Looo-; 

1.0014 

1.0021 

1.002R 

1.0036 

1.0042 

L0049 

L0056 

1.0063 

1 

L00e9 

1.0076 

1.0083 

1.0090 

1.0097 

1.0106 

1.0112 

1.0119 

1.0136 

1.0133 

2 

L0140 

1.0147 

1.0164 

1.0161 

1.0168 

1.0176 

1.0183 

1.0190 

1.0197 

1.0304 

8 

1.0211 

1.0218 

1.0226 

1.0233 

1.0240 

1.0247 

1.0265 

1.0262 

1.0260 

1.0Z76 

4 

1.0284 

1.0291 

1.0298 

1.0306 

1.0313 

1.0320 

1.0328 

1.0335 

1.0343 

1.0360 

5 

1.0367 

1.0366 

1.0372 

1.0379 

1.0387 

1.0394 

1.0402 

1.0409 

1.0417 

1.0434 

0 

1.0432 

1.0439 

1.0447 

1.0464 

1.0463 

1.0469 

1.0477 

1.0484 

1.0493 

1.0600 

7 

1.0607 

1.0616 

1.0622 

1.0630 

1.0638 

1.0646 

1.0663 

1.0661 

1.0669 

1.0676 

8 

1.0684 

1.0592 

1.0599 

1.0607 

1.0616 

1.0623 

1.0630 

1.0638 

1.0646 

1.0654 

9 

1.0662 

1.0670 

1.0677 

1.0686 

1.0693 

1.0701 

1.0709 

1.0717 

1.0736 

1.0733 

10 

1.0741 

1.0749 

1.0757 

1,0766 

i.on3 

1.0781 

1.0789 

1.0797 

1.0806 

1.0613 

11 

1.0821 

1.0839 

1.0637 

1.0845 

1.0853 

1.0861 

1.0870 

1.0678 

1.0886 

1.0604 

12 

1.0902 

1.0910 

1.0919 

1.0937 

1.0936 

1.0943 

1.0952 

1.0960 

1.0968 

1.0977 

13 

1.0986 

1.0993 

1.1002 

1. 1010 

1. 1018 

1.1027 

1.1036 

1.1043 

1.1063 

1.1060 

14 

1.1069 

1.1077 

1.1086 

1.1094 

1.1103 

1.1111 

1.1120 

1.1128 

1. 1137 

1. 1146 

15 

1.1164 

1. 1162 

1.1171 

1.1180 

1.1188 

1.1197 

1.1306 

1. 1214 

1.1323 

1.1333 

16 

1.1240 

1.1249 

1.1258 

1.1267 

1.1276 

1.1284 

1.1293 

1.1302 

1. 1310 

1. 1319 

17 

1.1328 

1.1337 

1.1346 

1.1365 

1.1364 

1.1373 

1.1381 

1.1390 

1.1399 

1.1406 

18 

1.1417 

1.1426 

1.1436 

1.1444 

1.1453 

1.1462 

1. 1472 

1. 1481 

1.1490 

1;  1490 

19 

1.1608 

L1617 

1.1526 

1.1636 

1.1546 

1.1654 

1.1563 

1. 1672 

1.1581 

1.1691 

30 

1.1600 

1.1609 

1. 1619 

1.1628 

1.1637 

1.1647 

1.1656 

1.1665 

1. 1675 

1.1684 

21 

1.1694 

L1703 

1. 1712 

1.1722 

1. 1731 

1. 1741 

1.1760 

1.1760 

1.1769 

1.1770 

22 

1.1789 

1.1798 

1.1808 

1. 1817 

1.1827 

1.1837 

1.1846 

1.1856 

1.1866 

1.1876 

23 

1.1886 

L1895 

1.1906 

1. 1916 

1.1924 

1.1934 

1.1944 

1.1954 

1.1964 

1.1974 

34 

1.1983 

1.1993 

1.2003 

1.2013 

1.2023 

1.2033 

1.2043 

1.3053 

1.2063 

1.3073 

26 

1.2063 

1.2093 

1.2104 

1.2114 

1.2124 

1.2134 

1.2144 

1.2154 

1.2164 

1.3175 

36 

1.2186 

1.2195 

1.2306 

1.2216 

1.2226 

1.2236 

1.2247 

1.2257 

1.2267 

1.3278 

27 

1.2288 

1.2299 

1.2309 

1.2319 

1.2330 

1.2340 

1.2361 

1.2361 

1.2372 

1.2383 

28 

1.2393 

1.2404 

1.2414 

1.2425 

1.2436 

1.2446 

1.2467 

1.2468 

1.2478 

1.2489 

39 

L2500 

1.2511 

1.2622 

1.2632 

1.2543 

1.2554 

1.2665 

1.2676 

1.2587 

1.2598 

80 

1.2609 

1.2620 

1.2631 

1.3643 

1.2663 

1.2664 

1.2675 

1.2686 

1.2697 

1.2708 

81 

1.2719 

1.2730 

1.2742 

1.3753 

1.2764 

1.2776 

1.2787 

1.2798 

1.2809 

1.2821 

32 

1.2832 

1.2843 

1.2855 

1.3866 

1.2877 

1.2889 

1.2900 

1.2912 

1.2923 

1.2935 

33 

1.2946 

1.2958 

1.2970 

1.3981 

1.2993 

1.3004 

1.3016 

1.3028 

1.3040 

1.3051 

34 

1.3063 

1.3075 

1.3087 

1.3098 

1.3110 

1,3122 

1.3134 

1.3146 

1.3158 

1. 3170 

36 

1. 3182 

1.3194 

1.3206 

1. 3218 

1.3230 

1.3242 

1.3264 

1.3266 

1.3278 

1.3291 

36 

1.3303 

1.3315 

1.3327 

1.3339 

1.3352 

1.3364 

1.3376 

1.3389 

1.3401 

1.3414 

37 

1.3426 

1.3438 

1.3451 

1.3463 

1.3476 

1.3488 

1.3501 

1.3614 

1.3526 

1.3530 

88 

1.3551 

L3564 

1.3577 

1.3690 

1.3602 

1.3616 

1.3628 

1.3641 

1.3653 

1.3666 

39 

1.3679 

L3692 

1.3706 

1.3718 

1.3731 

1.3744 

1. 3757 

1.3370 

1.3783 

1.3796 

40 

1.3810 

1.3823 

1.3836 

1.3849 

1.3862 

1.3876 

1.3889 

1.3902 

1. 3916 

1.3920 

41 

1.3942 

1.3956 

1.3969 

1.3983 

1.3996 

1.4010 

1.4023 

1.4037 

1.4060 

1.4064 

42 

1.4078 

1.4091 

1.4106 

1.4119 

1.4133 

1.4146 

1.4160 

1.4174 

1.4188 

1.4202 

43 

1.4216 

1.4230 

1.4244 

1,4258 

1.4272 

1.4286 

1.4300 

1.4314 

•1.4328 

1.4342 

44 

1.4356 

1.4371 

1.4386 

1.4399 

1.4414 

1.4428 

1.4442 

1.4457 

1.4471 

1.4486 

46 

1.4600 

1. 4515 

1.4529 

1.46U 

1.4658 

1.4573 

1.4588 

1.4603 

1.4617 

1.4632 

46 

1.4646 

1.4661 

1.4676 

1.4691 

1.4706 

1.4721 

1.4736 

1. 4751 

1.4766 

1. 4781 

47 

1.4796 

1.4811 

1.4826 

1.4841 

1.4857 

1.4872 

1.4887 

1.4902 

1. 4918 

1.4933 

48 

1.4948 

1.4964 

1. 4979 

1.4995 

1.6010 

1.5026 

1.6041 

1.5057 

1.6073 

1.5068 

49 

1.6104 

1.5120 

1.5136 

1. 5152 

1.  6167 

1.5183 

1.5199 

1.5216 

1.5231 

1.5247 

60 

1.5263 

1.5279 

1.5295 

1.5312 

1.5328 

1.6344 

1.5360 

1.5376 

1.6393 

1.6409 

61 

1.6426 

1.5442 

1.6468 

1.6476 

1.5491 

1.5508 

1.5525 

1.5541 

1.5558 

1.6576 

63 

1.6591 

1.5608 

1.6625 

1.6642 

1.5659 

1.5676 

1.5693 

1.5710 

1.5727 

1.5744 

63 

1. 5761 

1.6778 

1. 6795 

1.5812 

1.5830 

1.5847 

1.5864 

1.6882 

1.5899 

1.5917 

64 

1.5934 

1.5962 

1.5969 

1.5987 

1.6004 

1.6022 

1.6040 

L6058 

1.6075 

1.6093 

66 

1.6111 

1.6129 

1.6147 

1.6165 

1.6183 

1.6301 

1. 6219 

L6237 

1.6256 

1.6274 

66 

1.6292 

1.6310 

1.6329 

1.6347 

1.6366 

1.6384 

1.6403 

1.6421 

1.6440 

1.6469 

67 

1.6477 

1.6496 

1.6515 

1.6534 

1.6653 

1.6571 

1.6590 

1.6609 

1.6628 

1.6648 

68 

1.6667 

1.6686 

1.6705 

1.6724 

1.6744 

1.6763 

1. 6782 

1.6802 

1.6821 

1.6841 

69 

1.6860 

1.6880 

1.6900 

1.6919 

1.6039 

1.6959 

1.6979 

1.6999 

1. 7019 

1.7039 

60 

1.7059 

1.7079 

1.7099 

1.7119 

1. 7139 

1.7160 

1.7180 

1.7200 

1.7221 

1.7241 

61 

1.7262 

1.7282 

1.7303 

1.7324 

1.7344 
1.7654 

1.7365 

1.7386 

1.7407 

1.7428 

1.7449 

62 

1. 7470 

1.7491 

1.7612 

L7533 

1. 7676 

1.7597 

1. 7618 

1.7640 

1.7661 

63 

1.7683 

1.7706 

1.7726 

1.7748 

1.7770 

1.7791 

1. 7813 

1.7835 

1.7857 

•1.7879 

64 

1.7901 

1.7923 

1.7946 

1.7968 

1.7990 

1.8012 

1.8035 

1.8057 

1.8080 

1.8102 

66 

1.8126 

1.8148 

1. 8170 

1.8193 

1.8216 

1.8239 

1.8262 

1.8285 

1.8308 

1.8331 

66 

1.8354 

1.8378 

1.8401 

1.8424 

1.8448 

1.8471 

1.8495 

1.8519 

1.8542 

1.8566 

67 

1.8690 

1.8614 

1.8638 

1.8662 

1.8686 

1.8710 

1. 8734 

1.8758 

1.  8782 

1.8807 

68 

1.8831 

1.8856 

1.8880 

1.8905 

1.8930 

1.8954 

1.8979 

1.9004 

1.9029 

1.9054 

60 

1.9079 

1.9104 

1.9129 

1.9156 

1.9180 

1.9206 

1.9231 

1.9256 

1.9282 

1.9308 

70 

1.9333 
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Tablb  22. — Degrees  BaunU  corresponding  to  specific  gravities  at  5^  F,  I  igt^a  ^*  ) 
for  liquids  lighter  than  water 

140 
[Calculated  from  the  formaladegnes  Baomft  ^—^ 130  which  defines  the  Baum6  scale,  in  general  use 

in  the  United  States,  for  liquids  lighter  than  water] 


0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

Dlff. 

0.60 

103.333 

102.945 

102.558 

102.172 

101.788 

101. 405 

101.023 

10a642 

100.263 

99.885 

383 

.61 

99.508 

99.133 

98.758 

98.386 

98.013 

97.642 

97.273 

96.904 

96.537 

96.171 

370 

.62 

95.806 

95.  443 

96.080 

94.719 

94.359 

94.000 

93.642 

93.286 

92.930 

92.676 

360 

.63 

92.222 

91. 870 

91.519 

91. 169 

90.820 

90.472 

90.126 

89.780 

89.436 

89.092 

348 

.64 

88.750 

88.409 

88.068 

87.729 

87.391 

87.064 

86.718 

86.383 

86.049 

85.716 

337 

.65 

85.386 

86.064 

84.724 

84.395 

84.067 

83.741 

83.415 

83.090 

82.766 

82.443 

827 

.66 

82.121 

81.800 

81.480 

81. 161 

80.843 

80.526 

80.210 

79.895 

79.581 

79.268 

317 

.67 

78.965 

78.644 

7&333 

78.024 

77.715 

77.407 

77.101 

76.795 

7a  490 

7a  186 

308 

.68 

75.882 

75.580 

75.279 

74.978 

74. 678 

74.380 

74.082 

73.785 

73.488 

73.193 

298 

.00 

72.899 

72.606 

72L312 

72.020 

71.729 

7L430 

7L140 

7a  861 

7a  578 

7a  286 

290 

.70 

70.000 

69.715 

69.430 

69.146 

68.864 

68.682 

6a  300 

6a  020 

67.740 

67.461 

282 

.71 

67.183 

66.906 

66.629 

66.354 

66.078 

66.804 

65.531 

65.258 

64.986 

64.715 

274 

.72 

64.444 

64.176 

63.906 

63.638 

63.370 

63.103 

62.837 

62.572 

62.306 

62.044 

266 

.73 

61. 781 

61.518 

61.257 

60.996 

60.736 

60.476 

60.217 

59. 959 

59.702 

59.445 

260 

.74 

59.189 

58.934 

68.679 

58.425 

58.172 

67.919 

57.668 

57.416 

67.166 

5a  916 

252 

.76 

56.667 

56.418 

66.170 

66.923 

66.676 

56.430 

55.185 

54.941 

64.697 

54.453 

246 

.76 

64.210 

63.968 

63.727 

53.486 

53.246 

53.007 

52.768 

52.529 

52.292 

52.065 

239 

.77 

51.818 

51.582 

51.347 

51.113 

60.879 

60.645 

6a  412 

50.180 

49.949 

49.  718 

234 

.78 

49.487 

49.257 

49.028 

48.799 

4a  571 

4a  344 

4a  117 

47.891 

47.665 

47.440 

227 

.79 

47. 215 

46.991 

46.768 

46.645 

46.322 

46.101 

45.879 

45.650 

45.439 

4a  219 

222 

.80 

45.000 

44.781 

44.564 

44.346 

44.129 

43.913 

43.697 

43.482 

43.267 

4a  053 

216 

.81 

42.840 

42.626 

42.414 

42.202 

41.990 

41.779 

41.669 

41.  360 

41. 149 

4a  940 

210 

.82 

40.732 

40.524 

40.316 

40.109 

39.903 

39.697 

39.492 

39.287 

39.082 

3a  878 

206 

.83 

38.675 

88.472 

38.289 

38.067 

37.866 

87.665 

87.464 

37.264 

37.064 

3a  866 

301 

.84 

36w667 

36.469 

36.271 

36.074 

35.877 

36w680 

35.485 

35.289 

85.094 

84.900 

196 

.85 

34.706 

34.512 

34.319 

34.127 

33.934 

33.743 

33.551 

83.361 

33.170 

32.980 

192 

.86 

32.791 

32.602 

32.413 

32.225 

32.037 

31.850 

31.663 

31.476 

31.290 

31.105 

187 

.87 

30.920 

30.735 

30.550 

30.366 

3a  183 

30.000 

29.817 

29.635 

29.453 

29.272 

183 

.88 

29.091 

28.910 

28.730 

28.650 

28.371 

28.192 

2a  014 

27.836 

27.658 

27.480 

179 

.89 

27.303 

27.127 

26.951 

26.775 

26.600 

26.426 

26.250 

26.076 

25.902 

2a  729 

175 

.90 

25.666 

25.383 

25.211 

25.039 

34.867 

24.696 

24.626 

24.365 

34.185 

24.015 

171 

.91 

23.846 

23.677 

23.609 

23.341 

23.173 

23.005 

21838 

22.672 

22.606 

22.339 

168 

.92 

22.174 

22.009 

21.844 

21. 679 

21.615 

21. 351 

21.188 

21.025 

20.862 

20.700 

164 

.93 

2a  638 

20.376 

20.215 

20.054 

19.893 

19.733 

19.573 

19.413 

19.264 

19.095 

160 

.94 

18.936 

18.778 

18.620 

18.402 

1&306 

iai48 

17.991 

17.835 

17.679 

17.524 

157 

.95 

17.368 

17.214 

17.059 

16.905 

16.751 

ia697 

ia444 

ia290 

iai38 

ia986 

154 

.96 

15.833 

16.682 

15.630 

16.379 

16.228 

15. 078 

14.928 

14.778 

14.628 

14.479 

150 

.97 

14.330 

14.181 

14.033 

13.885 

13.737 

ia590 

13.443 

ia297 

iai49 

ia003 

147 

.98 

12.857 

12.712 

12.666 

12.421 

12.276 

12.132 

11.988 

11.844 

11.700 

1L557 

144 

.99 

11.414 

11.271 

11.129 

ia987 

ia845 

ia704 

ia662 

ia421 

ia281 

iai40 

142 

LOO 

laooo 



See  note,  p.  29. 
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Table  23. — Specific  gravUiea  at  ^  F,  i  jrkch  C,  j  corresponding  to  degrees  BaunU 
for  liquids  ligfUer  than  water 

Calculated  from  the  formula,  specific  gravity  ^  ^"1304.  Beg.  Banm^J 


Tenths  of  degrees  Banm^ 

Degrees 

Baumd 

0 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

1.0000 

0.0008 

aooso 

0.0070 

0.0072 

aO064 

a  0057 

aoo50 

a0043 

aooao 

11 

.0020 

.0022 

.0016 

.0008 

.0001 

.0804 

.0687 

.0680 

.0673 

.0600 

12 

.0860 

.0662 

.0846 

.0838 

.0631 

.0626 

.0618 

.0611 

.0604 

.0707 

13 

.0700 

.0783 

.0777 

.0770 

.0763 

.0756 

.0740 

.0743 

.0736 

.0720 

14 

.0722 

.0715 

.0700 

.0702 

.0606 

.0680 

.0682 

.0676 

.0600 

.0002 

16 

.0056 

.0040 

.0042 

.0036 

.0620 

.0022 

.0616 

.0600 

.0602 

.0600 

10 

.0680 

.0582 

.0670 

.0660 

.0663 

.0566 

.0550 

.0543 

.0537 

.0630 

17 

.0624 

.0617 

.0611 

.0504 

.0408 

.0402 

.0485 

.0470 

.0472 

.0400 

18 

.0460 

.0453 

.0447 

.0440 

.0434 

.0428 

.0421 

.0415 

.0400 

.0402 

10 

.0300 

.0300 

.0383 

.0377 

.0371 

.0366 

.0358 

.0352 

.0346 

.0340 

20 

.0333 

.0327 

.0321 

.0315 

.0300 

.0302 

.0206 

.0200 

.0284 

.0278 

21 

.0272 

.0265 

.0250 

.0253 

.0247 

.0241 

.0236 

.0220 

.0223 

.0217 

22 

.0211 

.0204 

.0108 

.0102 

.0186 

.0180 

.0174 

.0168 

.0102 

.0160 

28 

.0160 

.0144 

.0138 

.0132 

.0126 

.0121 

.0115 

.0100 

.0103 

.0007 

24 

.0001 

.0085 

.0070 

.0073 

.0067 

.0061 

.0056 

.0050 

.0044 

.0038 

26 

.0032 

.0020 

.0021 

.0015 

.0000 

.0003 

.8007 

.8002 

.8060 

.8060 

20 

.8074 

.8000 

.8063 

.8057 

.8051 

.8046 

.8040 

.8034 

.8020 

.8023 

27 

.8017 

.8012 

.8006 

.8000 

.8805 

.8880 

.8883 

.8878 

.8872 

.8800 

28 

.8861 

.8866 

.8860 

.8844 

.8838 

.8833 

.8827 

.8822 

.8816 

.8811 

20 

.8805 

.8700 

.8704 

.8788 

.8783 

.8777 

.8772 

.8766 

.8761 

.8766 

30 

.8760 

.8746 

.8730 

.8734 

.8728 

.8723 

.8717 

.8712 

.8706 

.8701 

81 

.8000 

.8000 

.8085 

.8070 

.8674 

.8660 

.8663 

.8658 

.8653 

.8047 

32 

.8042 

.8037 

.8031 

.8621 

.8616 

.8610 

.8006 

.8600 

.8604 

33 

.8680 

.8684 

.8678 

.8673 

.8668 

.8563 

.8557 

.8552 

.8547 

.8642 

34 

.8637 

.8531 

.8626 

.8621 

.8610 

.8611 

.8605 

.8600 

.8406 

.8400 

36 

.8486 

.8480 

.8476 

.8460 

.8404 

.8460 

.8454 

.8440 

.8444 

.8430 

80 

.8434 

.8420 

.8424 

.8410 

.8413 

.8406 

.8403 

.8306 

.8303 

.8388 

37 

.8383 

.8378 

.8373 

.8308 

.8303 

.8366 

.8353 

.8348 

.8343 

.8338 

38 

.8333 

.8323 

.8318 

.8314 

.8300 

.8304 

.8200 

.8204 

.8280 

80 

.8284 

.8270 

.8274 

.8260 

.8204 

.8260 

.8255 

.8260 

.8245 

.8240 

40 

.8236 

.8230 

.8226 

.8221 

.8216 

.8211 

.8206 

.8202 

.8107 

.8102 

41 

.8187 

.8182 

.8178 

•  .8173 

.8168 

.8163 

.8150 

.8154 

.8140 

.8144 

42 

.8140 

.8136 

.8130 

.8126 

.8121 

.8116 

.8111 

.8107 

.8102 

.8007 

48 

.8002 

.8068 

.8083 

.8078 

.8074 

.8000 

.8066 

.8060 

.8066 

.8051 

44 

.8040 

.8041 

.8037 

.8032 

.8028 

.8023 

.8018 

.8014 

.8000 

.8006 

45 

.8000 

.7006 

.7001 

.7080 

.7082 

.7077 

.7073 

.7068 

.7064 

.7060 

40 

.7056 

.7060 

.7046 

.7041 

.7037 

.7032 

.7028 

.7023 

.7010 

.7014 

47 

.7010 

.7006 

.7001 

.7800 

.7802 

.7887 

.7883 

.7878 

.7874 

.7870 

48 

.7806 

.7801 

.7866 

.7852 

.7848 

.7843 

.7830 

.7834 

.7830 

.7828 

40 

.7821 

.7817 

.7812 

.7808 

.7804 

.7700 

.7705 

.7701 

.7786 

.7782 

60 

.7778 

.7773 

.7700 

.7706 

.7761 

.7756 

.7762 

.7748 

.7743 

.7780 

61 

.7736 

.7731 

.7726 

.7722 

.7718 

.7713 

.7700 

.7705 

.7701 

.7007 

62 

.7002 

.7088 

.7084 

.7680 

.7675 

.7671 

.7667 

.7663 

.7650 

.7064 

63 

.7060 

.7046 

.7042 

.7638 

.7634 

.7620 

.7625 

.7621 

.7617 

.7013 

64 

.7600 

.7605 

.7600 

.7606 

.7502 

.7668 

.7584 

.7580 

.7576 

.7672 

16 

.7608 

.7663 

.7560 

.7566 

.7561 

.7647 

.7643 

.7530 

.7536 

.7631 
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Table  23. — Specific  gravities  <U  -^  F.  I  j^Th  C.  j  corresponding  to  degrees  BaunU 
for  liquids  lighter  than  water — Continued 

[calculated  from  the  formula,  spedflc  gravity  ^  ''•"ilo+D^Baumi  J 


Degrees 

Baum6 

0 

1 

2 

3 

4 

5 

6 

' 

8 

9 

66 

a  7668 

a  7663 

a  7559 

a  7555 

a  7551 

a  7547 

a  7543 

a  7539 

a  7535 

a  7531 

66 

.7627 

.7623 

.7519 

.7515 

.7511 

.7507 

.7503 

.7499 

.7495 

.7491 

67 

.7487 

.7483 

.7479 

.7475 

.7471 

.7467 

.7463 

.7459 

.7455 

.7461 

68 

.7447 

.7443 

.7439 

.7436 

.7431 

.7427 

.7423 

.7419 

.7415 

.7411 

6g 

.7407 

.7403 

.7400 

.7396 

.7392 

.7388 

.7384 

.7380 

.7376 

.7872 

60 

.7368 

.7366 

.7361 

.7367 

.7353 

.7349 

.7345 

.7841 

.7338 

.7334 

61 

.7830 

.7326 

.7322 

.7318 

.7315 

.7311 

.7307 

.7303 

.7299 

.7295 

02 

.7292 

.7288 

.7284 

.7280 

.7277 

.7273 

.7269 

.7266 

.7261 

.7268 

63 

.7264 

.7260 

.7246 

.7243 

.7239 

.7285 

.7231 

.7228 

.7224 

.7220 

64 

.7216 

.7218 

.7209 

.7205 

.7202 

.7198 

.7194 

.7191 

.7187 

.7183 

66 

.7179 

.7176 

.7172 

.7168 

.7165 

.7161 

.7157 

.7154 

.7150 

.7147 

66 

.7143 

.7139 

.7136 

.7132 

.7128 

.7125 

.7121 

.7117 

.7114 

.7110 

67 

.7107 

.7103 

.7099 

.7096 

.7092 

.7089 

.7085 

.7081 

.7078 

.7074 

68 

.7071 

.7067 

.7064 

.7060 

.7056 

.7053 

.7049 

.7046 

.7042 

.7039 

69 

.7036 

.7032 

.7028 

.7025 

.7021 

.7018 

.7014 

.7011 

.7007 

.7004 

70 

.7000 

.6997 

.6993 

.6990 

.6966 

.6963 

.6979 

.6976 

.6072 

.6000 

71 

.0966 

.6962 

.6958 

.6955 

.6951 

.0948 

.6044 

.6941 

.6038 

.6034 

72 

.6931 

.0927 

.6924 

.6920 

.6917 

.6014 

.6910 

.6907 

.6903 

.6000 

78 

.6897 

.6893 

.6890 

.6886 

.6883 

.6880 

.6876 

.6873 

.6869 

.6866 

74 

.6863 

.6859 

.6856 

.6853 

.6849 

.6846 

.6848 

.6839 

.6836 

.6833 

76 

.6829 

.6820 

.6823 

.6819 

.6816 

.6813 

.6809 

.6806 

.6803 

.6799 

76 

.6796 

.6793 

.6790 

.6786 

.6783 

.6780 

.6776 

.6773 

.6770 

.6767 

77 

.6763 

.6760 

.6767 

.6763 

.6750 

.6747 

.6744 

.6740 

.6737 

.6734 

78 

.6731 

.6728 

.6724 

.6721 

.6718 

.6716 

.6711 

.6708 

.6705 

.6702 

70 

.6099 

.6695 

.6602 

.6689 

.6686 

.6683 

.6679 

.6676 

.6673 

.6670 

80 

.6667 

.6663 

.6660 

.6657 

.6654 

.6651 

.6648 

.6645 

.6641 

.6638 

81 

.6636 

.6632 

.6629 

.6626 

.6623 

.6619 

.6616 

.6613 

.6610 

.6607 

82 

.6604 

.6601 

.6598 

.6504 

.6591 

.6588 

.6585 

.6582 

.6579 

.6576 

83 

.6673 

.6570 

.6567 

.6564 

.6560 

.6557 

.6564 

.6551 

.6548 

.6545 

84 

.6542 

.6539 

.6536 

.6533 

.6530 

.6527 

.6524 

.6521 

.6518 

.6515 

86 

.6612 

.6509 

.6506 

.6503 

.6500 

.649r 

.6494 

.6490 

.6487 

.6484 

86 

.6482 

.6479 

.6476 

.6473 

.6470 

.6467 

.6464 

.6461 

.6458 

.6455 

87 

.6462 

.6449 

.6446 

.6443 

.6440 

.6437 

.6434 

.6431 

.6428 

.6425 

88 

.6422 

.6419 

.6416 

.6413 

.6410 

.6407 

.6404 

.6401 

.6399 

.6396 

89 

.6393 

.6390 

.6387 

.6384 

.6381 

.6378 

.6375 

.6372 

.6369 

.6367 

90 

.6364 

.6361 

.6358 

.6355 

.6352 

.6349 

.6346 

.6343 

.6341 

.6338 

01 

.6335 

.6332 

.6329 

.6326 

.6323 

.6321 

.6318 

.6315 

.6312 

.6309 

92 

.6306 

.6303 

.6301 

.6298 

.6295 

.6292 

.6289 

.6286 

.6284 

.6281 

93 

.6278 

.6275 

.6272 

.6270 

.6267 

.6264 

.6261 

.6258 

.6256 

.6253 

94 

.6250 

.6247 

.6244 

.6242 

.6239 

.6236 

.6233 

.6231 

.6228 

.6225 

95 

.6222 

.6219 

.6217 

.6214 

.6211 

.6206 

.6206 

.6203 

.6200 

.6197 

96 

.6195 

.6192 

.6189 

.6186 

.6184 

.6181 

.6178 

.6176 

.6173 

.6170 

97 

.6167 

.6165 

.6162 

.6169 

.6167 

.6154  . 

.6151 

.6148 

.6146 

.6143 

98 

.6140 

.6138 

.6135 

.6132 

.6130 

.6127 

.6124 

.6122 

.6119 

.6116 

99 

.6114 

.6111 

.6108 

.6106 

.6103 

.6100 

.6098 

.6095 

.6092 

.6090 

100 

.6087 



1 

1       1 

See  Dote,  p  29. 
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Tablb  24. — Degrees  A,  P,  /.*  corresponding  to  specific  gravities  at  60^/60^  F. 


rrresvondxng  \ 
[calculated  from  the  formula  degrees  A.  P.  l.^—^^^^L——^^m.q 


«^?#F. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

aao 

10133 

108.04 

103.65 

103.16 

102  n 

102  88 

102  00 

101. 61 

J0L28 
^^07. 40 

10a86 

.61 

10a47 

loaoo 

00.71 

00.33 

06.06 

06.58 

06.21 

97.84 

07.00 

.02 

06.78 

06.36 

06.00 

05.63 

05.26 

0100 

0154 

0118 

03.82 

03.40 

.63 

03.10 

02.76 

02.30 

02.04 

01.00 

01.33 

oa96 

oa63 

0a20 

80.04 

.64 

80.60 

80.26 

88.00 

88.56 

88.22 

87.88 

87.54 

87.20 

8a  80 

8a  53 

.66 

8&10 

86.86 

85.62 

85.10 

8186 

84.53 

8120 

83.87 

83.55 

83.22 

.66 

82.80 

82L67 

82.25 

81.02 

81.60 

81.28 

8a  96 

8a  04 

8a  33 

8a  01 

.67 

70.60 

70.88 

70.07 

7a  75 

78.44 

78.13 

77.82 

77.51 

77.20 

7a  80 

.68 

76w60 

76.28 

75.98 

75.67 

75.87 

75.07 

7177 

7147 

7117 

73.87 

.69 

73.67 

73.28 

72.98 

72.68 

72  30 

7210 

7L80 

7L51 

7L22 

7a  93 

.70 

7a  64 

7a  36 

7a  07 

60.78 

60.40 

60.21 

68.02 

68.64 

68.36 

6&06 

.71 

67.80 

67.62 

67.24 

66.06 

66.68 

66.40 

6a  13 

65.86 

65.58 

65.30 

.72 

66w08 

64.76 

64.48 

6121 

63.04 

63.67 

63.40 

63.14 

62  87 

62  60 

.73 

62.84 

62.07 

61.81 

61.54 

61.28 

61.02 

6a  76 

oa40 

6a  28 

59.07 

.74 

60.72 

60.46 

50.20 

58.04 

58.60 

58.43 

58.18 

57.02 

57.67 

57.42 

.76 

67.17 

66.02 

66.66 

56.41 

56.17 

55.02 

55.67 

55.42 

55.18 

6193 

.76 

64.68 

64.44 

64.20 

63.05 

63.71 

53.47 

63.23 

52  96 

52  74 

52  51 

,n 

62.27 

62.08 

5L70 

5L55 

5L32 

61.06 

5a  85 

5a  61 

5a  88 

5a  14 

.78 

40l01 

40.68 

40.45 

40.22 

48.08 

48.76 

48.53 

48.30 

48.07 

47.84 

.70 

47.61 

47.30 

47.16 

46.04 

46.71 

46.40 

4a  26 

4a  04 

45.82 

45.60 

.80 

46.38 

46.16 

44.93 

4171 

4140 

4128 

4106 

43.84 

48.62 

48.41 

.81 

43.10 

42L96 

42.76 

42  55 

42  33 

42  12 

41.01 

41.60 

41.48 

4L27 

.82 

41.06 

4a  86 

4a  64 

4a  43 

4a  22 

4a  02 

30.81 

80.60 

30.30 

30.10 

.83 

38.08 

38.78 

38.57 

38.37 

38.16 

37.06 

37.76 

37.56 

37.35 

37.15 

.84 

86.06 

86.76 

86.65 

86.35 

86.15 

35.06 

35.76 

85.56 

25.36 

85.17 

.86 

84.07 

34.77 

3158 

3130 

3110 

3100 

83.80 

33.61 

33.42 

33.23 

.86 

83.03 

32.84 

32L66 

32.46 

82  27 

32  06 

8L80 

3L71 

81.62 

31.38 

.87 

81. 14. 

8a06 

3a  77 

8a  58 

3a  40 

8a21 

3a  03 

20.85 

20.66 

20.48 

.88 

20.30 

20.11 

28.93 

28.75 

28.57 

28.30 

28.21 

28.03 

27.86 

27.67 

.80 

27.40 

27.31 

27.13 

26.05 

26.78 

26.60 

26.42 

26.25 

2a  07 

26.00 

.00 

2&72 

26.65 

25.37 

26.20 

26.03 

2185 

2168 

2151 

2134 

2117 

.01 

28.00 

28.82 

28.66 

23.48 

23.31 

28.14 

22  96 

22  81 

22  64 

22  47 

.02 

22.30 

22.14 

21.07 

21.80 

2L64 

2L47 

2L31 

2L14 

2a  96 

2a  81 

.93 

2a  66 

2a  40 

2a  32 

2a  16 

2a  00 

10l84 

19.68 

10l51 

10.36 

10.10 

.04 

10l08 

18.87 

18.71 

18.65 

18.30 

18.24 

18.06 

17.02 

17.76 

17.60 

.06 

17.46 

17.20 

17.18 

16.96 

16.82 

16.67 

ia5i 

ia36 

lax 

iao6 

.06 

16w00 

16.74 

15.60 

15.44 

15.28 

15.13 

1196 

1183 

1168 

1153 

.07 

14.38 

14.23 

1108 

13.03 

13.78 

13.63 

13.48 

13.33 

13.18 

18.04 

.98 

12.80 

12.74 

12.60 

12  45 

12  30 

1215 

12  01 

11.86 

11.72 

11.57 

.00 

1L43 

11.20 

1L14 

ILOO 

ia86 

ia7i 

ia57 

ia43 

ia28 

iai4 

LOO 

laoo 

1  See  note,  p.  20. 
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Table  26. — Specific  gravity  at  60^/60°  ^'\  16^56 ^-J^^^^^^P^^^^^  ^  degrees 


A,  P,  7.J 

[Calculated  from  the  formula,  specific  gravity^  F.— Jlli-5 — -.=-1 
-,   *™      e        J  ^         131.  s+degrees  A.  P.  I.  J 


Teuths  of  degrees 

A*?*L 

0  . 

' 

2 

3 

4 

5 

6 

7 

8 

0 

10 

1.0000 

.9993 

.9986 

.9979 

.9972 

.9965 

.9968 

.9061 

.9944 

.0037 

11 

.9930 

.9923 

.9916 

.9909 

.9902 

.9896 

.9888 

.9681 

.9874 

.0868 

12 

.9861 

.9854 

.9847 

.9840 

.9833 

.9826 

.9620 

.9613 

.9806 

.0799 

13 

.9792 

.9786 

.9779 

.9772 

.9766 

.9769 

.9762 

.9746 

.0738 

.9732 

14 

.9725 

.9718 

.9712 

.9706 

.9698 

.9692 

.9686 

.9679 

.9672 

.9666 

15 

.9659 

.9662 

.9646 

.9639 

.9632 

.9626 

.9619 

.9613 

.9606 

.9600 

16 

.9593 

.9587 

.9580 

.9574 

.9667 

.9661 

.9664 

.9648 

.9641 

.9536 

17 

.9529 

.9622 

.9616 

.9609 

.9503 

.9497 

.9490 

.9484 

.9478 

.9471 

18 

.9465 

.9459 

.9462 

.9446 

.9440 

.9433 

.9427 

.9421 

.9415 

.9406 

19 

.9402 

.9396 

.9390 

.9883 

.9377 

.9371 

.9366 

.9368 

.9352 

.9346 

20 

.9340 

.9334 

.9328 

.9321 

.9315 

.9309 

.9303 

.9297 

.9291 

.9286 

21 

.9279 

.9273 

.9267 

.9260 

.9254 

.9248 

.9242 

.9236 

.9230 

.9224 

22 

.9218 

.9212 

.9206 

.9200 

.9194 

.9188 

.9182 

.9176 

.9170 

.9166 

23 

.9159 

.9153 

.9147 

.9141 

.9135 

.9129 

.9123 

.9117 

.9111 

.9106 

24 

.9100 

.9094 

.9088 

.9062 

.9076 

.9071 

.9066 

.9059 

.9053 

.9047 

26 

.9042 

.9036 

.9030 

.9024 

.9018 

.9013 

.9007 

.9001 

.89941 

.8990 

26 

.8984 

.8978 

.8973 

.8967 

.8961 

.8956 

.8950 

.8944 

.8939 

.8933 

27 

.8927 

.8922 

.8916 

.8911 

.8905 

.8899 

.8894 

.8888 

.8883 

.8877 

28 

.8871 

.8866 

.8860 

.8855 

.8849 

.8844 

.8838 

.8833 

.8827 

.8822 

29 

.8816 

.8811 

.8806 

.8800 

.8794 

.8789 

.8783 

.8778 

.8772 

.8767 

30 

.8762 

.8756 

.8751 

.8746 

.8740 

.8735 

.8729 

.8724 

.8718 

.8713 

31 

.8708 

.8702 

.8697 

.8692 

.8686 

.8681 

.8676 

.8670 

.8666 

.8660 

32 

.8654 

.8649 

.8644 

.8639 

.8633 

.8628 

.8623 

.8618 

.8612 

.8607 

33 

.8602 

.8597 

.8591 

.8586 

.8581 

.8576 

.8671 

.8565 

.8560 

.8665 

34 

.8550 

.8645 

.8640 

.8634 

.8529 

.9524 

.8619 

.8514 

.8609 

.8504 

3£ 

.8498 

.8493 

.8488 

.8483 

.8478 

.8473 

.8468 

.8463 

.8458 

.8453 

36 

.8448 

.8443 

.8438 

.8433 

.8428 

.8423 

.8418 

.8413 

.8408 

.8408 

37 

.8398 

.8393 

.8388 

.8383 

.8378 

.8373 

.8368 

.8363 

.8358 

.8353 

38 

.8348 

.8343 

.8338 

.8333 

.8328 

.8324 

.8319 

.8314 

.8309 

.8304 

39 

.8299 

.8294 

.8289 

.8286 

.8280 

.8275 

.8270 

.8265 

.8260 

.8256 

•40 

.8251 

.8246 

.8241 

.8236 

.8232 

.8227 

.8222 

.8217 

.8212 

.8206 

41 

.8203 

.8198 

.8193 

.8189 

.8184 

.8179 

.8174 

.8170 

.8166 

.8160 

42 

.8165 

.8151 

.8146 

.8142 

.8137 

.8132 

.8128 

.8123 

.8118 

.8114 

43 

.8109 

.8104 

.8100 

.8096 

.8090 

.8086 

.8081 

.8076 

.8072 

.8067 

44 

.8063 

.8058 

.8064 

.8049 

.8044 

.8040 

.8036 

.8031 

.8028 

.8022 

45 

.8017 

.8012 

.8008 

.8003 

.7999 

.7994 

.7990 

.7985 

.7981 

.7076 

46 

.7972 

.7967 

.7963 

.7958 

.7954 

.7949 

.7945 

.7941 

.7936 

.7032 

47 

.7927 

.7923 

.7918 

.7914 

.7909 

.7906 

.7901 

.7896 

.7892 

.7887 

48 

.7883 

.7879 

.7874 

.7870 

.7866 

.7861 

.7857 

.7852 

.7848 

.7844 

49 

.7839 

.7836 

.7831 

.7826 

.7822 

.7818 

.7813 

.7809 

.7806 

.7800 

50 

.7796 

.7792 

.7788 

.7783 

.7779 

.7775 

.7770 

.7766 

.7762 

.7758 

51 

.7753 

.7749 

.7745 

.7741 

.7736 

.7732 

.7728 

.7724 

.7720 

.7716 

52 

.7711 

.7707 

.7703 

.7699 

.7694 

.7690 

.7686 

.7682 

.7678 

.7674 

53 

.7669 

.7665 

.7661 

.7657 

.7663 

.7649 

.7645 

.7640 

.7636 

.7632 

64 

.7628 

.7624 

.7620 

.7616 

.7612 

.7608 

.7603 

.7699 

.7606 

.7601 

I  See  DOte,  p.  20. 
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16^66^' )  carrc«pan<itn(f  to  degrees 
A.  P,  I. — Continued 


[aao 
Calculated  from  the  formala,  specific  gravity^  F.— -— - 
60  ISl. 


141.5 


5+degreesA 


Ta] 


Tenths  of  degrees 

aTT 

0 

' 

2 

3 

4 

5 

6 

7 

8 

0 

65 

.7687 

.7583 

.7670 

.7675 

.7571 

.7667 

.7563 

.7550 

.7655 

.7551 

5« 

.7547 

.7543 

.7630 

.7535 

-  .7531 

.7627 

.7623 

.7510 

.7516 

.7511 

57 

.7507 

.7603 

.7400 

.7405 

.7401 

.7487 

.7483 

.7470 

.7476 

.7471 

58 

.7467 

.7463 

.7460 

.7466 

.7451 

.7447 

.7443 

.7440 

.7436 

.7432 

50 

.7428 

.7424 

.7420 

.7416 

.7412 

.7406 

.7405 

.7401 

.7307 

.7303 

00 

.7380 

.7385 

.7381 

.7377 

.7374 

.7370 

.7366 

.7362 

.7358 

.7354 

61 

.7351 

.7347 

.7343 

.7330 

.7335 

.7332 

.7328 

.7324 

.7320 

.7316 

62 

.7813 

.7300 

.7305 

.7301 

.7208 

.7204 

.7200 

.7286 

.7283 

.7270 

63 

.7275 

.7271 

.7268 

.7264 

.7260 

.7266 

.7253 

.7240 

.7245 

.7242 

64 

.7238 

.7234 

.7230 

.7227 

.7223 

.7210 

*7216 

.7212 

.7208 

.7206 

65 

.7201 

.7107 

.7104 

.7100 

.7186 

.7183 

.7170 

.7175 

.7172 

.7168 

66 

.7165 

.7161 

.7167 

.7154 

.7150 

.7146 

.7143 

.7180 

.7136 

.7132 

67 

.7128 

.7126 

.7121 

.7118 

.7114 

.7111 

.7107 

.7103 

.7100 

.7006 

68 

.7003 

.7080 

.7066 

.7082 

.7070 

.7075 

.7071 

.7068 

.7064 

.7061 

60 

.7057 

.7064 

.7060 

.7047 

.7043 

.7040 

.7036 

.7033 

.7020 

.7026 

70 

.7022 

.7010 

.7015 

.7012 

.7008 

.7005 

.7001 

.6008 

.6006 

.6001 

71 

.6088 

.6084 

.6081 

.6077 

.6074 

.6070 

.6067 

.6064 

.6060 

.6067 

72 

.6053 

.6060 

.6046 

.6043 

.6040 

.6036 

.6033 

.6020 

.6026 

.6023 

73 

.6010 

.6016 

.6013 

.6000 

.6006 

.6002 

.6800 

.6806 

.6802 

.6880 

74 

.6886 

.6882 

.6870 

.6876 

.6872 

.6860 

.6866 

.6862 

.6860 

.6856 

75 

.6852 

.6840 

.6846 

.6842 

.6830 

.6836 

.6832 

.6820 

.6828 

.6823 

76 

.6810 

.6816 

.6813 

.6800 

.6806 

.6803 

.6800 

.6706 

.6703 

.6700 

77 

.6787 

.6783 

.6780 

.6777 

.6774 

.6770 

.6767 

.6764 

.6761 

.6767 

78 

.6764 

.6751 

.6748 

.6745 

.6741 

.6738 

.6735 

.6732 

.6728 

.6725 

70 

.6722 

.6710 

.6716 

.6713 

.6700 

.6706 

.6703 

.6700 

.6607 

.6603 

80 

.6600 

.6687 

.6684 

.6681 

.6678 

.6675 

.6671 

.6668 

.6666 

.6662 

81 

.6650 

.6666 

.6653 

.6640 

.6646 

.6643 

.6640 

.6637 

.6634 

.6631 

82 

.6628 

.6625 

.6621 

.6618 

.6616 

.6612 

.6600 

.6606 

.6603 

.6600 

83 

.6507 

.6504 

.6601 

.6688 

.6584 

.6581 

.6678 

.6576 

.6672 

.6660 

84 

.6566 

.6563 

.6660 

.6567 

.6554 

.6561 

.6648 

.6645 

.6642 

.6530 

85 

.6536 

.6633 

.6530 

.6627 

.6524 

.6621 

.6618 

.6615 

.6612 

.6500 

86 

.6506 

.6603 

.6600 

.6407 

.6404 

.6401 

.6488 

.6485 

.6482 

.6470 

87 

.6476 

.6473 

.6470 

.6467 

.6464 

.6461 

.6468 

.6465 

.6462 

.6440 

88 

.644« 

.6444 

.6441 

.6438 

.6435 

.6432 

.6420 

.6426 

.6423 

.6420 

80 

.6417 

.6414 

.6411 

.6400 

.6406 

.6403 

.6400 

.6307 

.6304 

.6301 

00 

.6388 

.6385 

.6382 

.6380 

.6377 

.6374 

.6371 

.6368 

.6366 

.6362 

01 

.6360 

.6367 

.6354 

.6361 

.6348 

.6346 

.6342 

.6340 

.6337 

.6334 

02 

.6331 

.6328 

.6325 

.6323 

.6320 

.6317 

.6314 

.6311 

.6300 

.6306 

03 

.6303 

.6300 

.6207 

.6204 

.6202 

.6280 

.6286 

.6283 

.6281 

.6278 

04 

.6275 

.6272 

.6260 

.6267 

.6264 

.6261 

.6268 

.6266 

.6263 

.6250 

05 

.6247 

.6244 

.6242 

.6230 

.6236 

.6233 

.6231 

.6228 

.6225 

.6228 

06 

.6220 

.6217 

.6214 

.6212 

.6200 

.6206 

.6203 

.6201 

.6108 

.6105 

07 

.6103 

.6100 

.6187 

.6184 

.6182 

.6170 

.6176 

.6174 

.6171 

.6168 

08 

.6166 

.6163 

.6160 

.6168 

.6165 

.6152 

.6150 

.6147 

.6144 

.6141 

00 

.6130 

.6136 

.6134 

.6131 

.6128 

.6126 

.6123 

.6120 

.6118 

.6115 

100 

.6112 
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Taiilb  26. — Specific  grctvity  and  weight  per  gallon  of  milk  and  cream 

[The  spedflo  gravities  and  weights  per  nllon  given  below  are  based  on  the  values  of  specific  gravity  and 
ooefflcienf  of  expansion  determined  by  the  Bureau  of  Standards  and  published  in  the  Joum.  Agrie. 
Research,  Vol.  Ill,  No.  3  (U.  8.  Department  of  Agriculture),  Table  II,  p.  257] 


^w3ght)* 

8P^c^f«7*^y 

Specific  gravity 
10»/4^C. 

at  20*  C.  (68»  F.) 

Poundsper  gallon 
at  10»  CMfiO*  F.) 

0.025 

1.035 

1.037 

8.63 

8.65 

1 

1.084 

1.036 

8.62 

8.64 

2 

1.083 

1.035 

8.61 

&63 

8 

1.032 

1.034 

8.60 

8.62 

4 

1.031 

1.083 

&59 

a  61 

5 

1.020 

1.032 

8.58 

8.60 

e 

L028 

1.031 

8.57 

&50 

7 

1.027 

1.030 

8.56 

&59 

8 

1.026 

1.029 

8.55 

8.58 

0 

1.024 

1.028 

8.54 

a  57 

10 

1.023 

1.027 

8.63 

&56 

11 

1.022 

1.026 

8.52 

8.55 

12 

1.020 

1.025 

8.50 

a54 

13 

1.019 

1.024 

&49 

8.54 

14 

1.017 

1.023 

8.48 

8.53 

15 

1.016 

1.022 

8.47 

8.52 

16 

1.016 

1.021 

8.46 

8.61 

17 

1.014 

1.020 

8.45 

8.50 

18 

1.013 

1.019 

8.44 

8.49 

10 

1.012 

1.018 

8.44 

&49 

20 

1.011 

1.017 

8.43 

&48 

21 

1.010 

1.017 

8.42 

8.48 

22 

1.009 

1.016 

8.41 

a  47 

28 

1.008 

1.015 

8.40 

&46 

24 

1.007 

1.014 

8,40 

8.46 

25 

1.007 

1.014 

8.39 

8.45 

26 

1.006 

1.013 

8.39 

8.45 

27 

1.005 

1.012 

8.38 

8.44 

28 

1.004 

1.012 

8.37 

8.44 

29 

1.003 

1.011 

8.36 

8.43 

30 

1.002 

1.011 

8.36 

8.43 

31 

1.001 

1.010 

8.34 

8.42 

32 

1.000 

1.010 

8.34 

8.42 

33 

.099 

1.009 

8.33 

8.41 

34 

.998 

1.008 

8.32 

&40 

35 

.998 

1.008 

8.31 

8.40 

36 

.997 

1.007 

8.31 

8.40 

87 

.996 

1.007 

8.30 

&89 

38 

.995 

1.006 

8.30 

8.89 

39 

.994 

1.005 

8.29 

8.38 

40 

.993 

1.005 

&28 

8.38 

Specific  gravity  aO'*/^'*  C.  means  the  specific  gravity  at  20"  C.  (68"  F.)  in  terms  of  water  at  its  maximum 
density  as  unity,  and  spedfio  gravity  iO"/4"  C.  means  the  specific  gravity  at  10"  C.  (50"  F.)  in  terms  of 
the  same  unit.  These  specific  gravity  values  are  numeriodly  the  same  as  density  at  20  and  10"  C, 
respectively,  in  grams  i>er  milliliter. 

NoTi.— The  specific  gravity  at  20"/20"  C.  (68"/e8"  F.)  corresponding  to  any  percentage  of  fat  can  be 
obtained  by  dividing  the  specific  gravity  at  20"/4"  C.  by  the  density  of  water  at  20"  C.  (0.9982343). 
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Table  27. — Volume  '  of  milk  and  cream  ai  various  temperatures  occupied  by  unit 

volume  at  68^  P.  (tO^  C.) 


Temperature  C  F.) 

Percent- 
age of 

50 

60 

70 

80 

90 

100 

110 

120 

ISO 

140 

batter  £at 

Volume 

a025 

a0960 

a9990 

1.0000 

L0015 

L0035 

LOOOO 

L0Q85 

LOllO 

L0140 

L0176 

1 
2 
3 

4 
5 

ogeo 

.0975 
.9975 
.9975 
.9976 

.9990 
.9990 
.9990 
.9965 
.9985 

LOOOO 
LOOOO 

LOOOO 
1.0000 
LOOOO 

L0015 
L0020 
L0020 
L0020 
L0020 

L0035 
L0040 
L0040 
L0040 
L0045 

LOOOO 
LOOOO 
L0065 
L0065 
L0065 

L0Q85 
L0085 
L0065 
L0085 
L0085 

LOllO 
L0115 
L0116 
L0116 
L0115 

L0140 
L0140 
L0140 
L0140 
L0140 

L0176 
L0176 
L0175 
1. 0175 
L0175 

6 
7 
8 
9 
10 

.9970 
.9970 
.9970 
.9965 
.9965 

.9965 

.9965 
.9985 
.9965 
.9965 

LOOOO 
LOOOO 
L0005 
L0005 
L0005 

L0020 
L0025 
L0085 
L0025 
L0025 

L0045 
L0045 
L0045 
L0060 
L0060 

L0065 
L0070 
L0070 
L0a70 
L0075 

LOOOO 
LOOOO 
L0095 
L0096 
L0095 

L0115 
L0120 
L0120 
L0120 
L0120 

L0140 
L0145 
L0145 
L0160 
L0160 

L0176 
L0176 
L0176 
L0180 
L0180 

11 
12 
13 
14 
16 

.9965 
.9955 
.9955 
.9950 
.9950 

.9965 
.9960 
.9980 
.9960 
.9980 

L0005 
L0005 
L0005 
L0005 
L0005 

L0025 
L0030 
L0030 
L0030 
L0030 

L0055 
L0055 
L(»55 
L0055 
LOOOO 

L0a75 
L0060 
L0080 
L0065 
L0085 

L0095 
L0106 
L0105 
LOllO 
LOllO 

L0120 
L0130 
L0130 
L0135 
L0135 

L0160 
L0165 
L0165 
LOlOO 
LOlOO 

LOlOO 
L0180 
L0180 
L0185 
L0185 

16 
17 
18 
19 
20 

.9950 
.9945 
.9940 
.9940 
.9930 

.9960 
.9980 
.9980 
.9975 
.9975 

L0005 
L0005 
L0005 
L0005 
L0005 

L0035 
L0035 
L0035 
L0035 
L0035 

LOOOO 
LOOOO 
L0065 
L0065 
L0a70 

LOOOO 
L0090 
L0096 
L0095 
LOlOO 

L  0116 
L0120 
L0126 
L0126 
L0130 

L0140 
L0145 
L0150 
L0160 
L0166 

L0106 
L  0170 
L0175 
L  0175 
L0180 

LOlOO 
LOlOO 
L0195 
L0196 

Loaoo 

21 
22 
23 
24 
25 

.9930 
.9930 
.9930 
.9925 
.9925 

.9975 
.9975 
.9975 
.9975 
.9970 

L0005 
LOOlO 
LOOlO 
LOOlO 
LOOlO 

L0040 
L0040 
L0040 
L0040 
L0045 

L0070 
L0075 
L0076 
L0080 
L0080 

LOlOO 
L0106 
L0105 
LOllO 
L0116 

L0130 
1. 0136 
L0140 
L  0145 
L0145 

LOlOO 
L0165 
L0165 
1. 0170 
L0175 

L0185 
LOlOO 
LOlOO 
L0200 
L0300 

Loaoo 

L0210 
L0210 
L0220 
L0225 

26 
27 
28 
20 
30 

.9925 
.0925 
.9915 
.9915 
.9916 

.9970 
.9970 
.9965 
.9965 
.9965 

LOOIX) 
LOOlO 
LOOlO 
LOOlO 
LOOlO 

L0045 
L0045 
L0045 
L0050 
L0060 

L0085 
L0065 
L0090 
L0090 
L0095 

L0120 
L0120 
L0125 
L0130 
L0130 

L0166 
L0165 
LOlOO 
LOlOO 
L0165 

L0186 
L0185 
LOlOO 
L0196 
L0195 

L0210 
L0210 
L0220 
L0220 
L0220 

L0335 
L0235 
L0945 
L0245 
L0260 

31 
32 
33 
34 

35 

.9915 
.9910 
.9910 
.9910 
.9900 

.9965 
.9960 
.9960 
.9960 
.9960 

LOOlO 
LOOlO 
LOOlO 
LOOlO 
LOOlO 

L0060 
L0056 
L0055 
L0055 
LOOOO 

L0096 
LOlOO 
LOlOO 
L0105 
L0106 

L0136 
L0136 
L0140 
L0140 
L0145 

L0170 
L  0170 
L0170 
L  0176 
L0180 

L0200 
L0205 
L0206 
L0210 
L0210 

L0228 
L0230 
L0230 
L0240 
L0240 

L0260 
L0265 
L0265 
L0260 
LO20O 

36 
37 
38 
30 
40 

.9000 

.9690 
.9690 
.9690 
.9690 

.9955 
.9955 
.9965 
.9955 
.9950 

LOOlO 
LOOlO 
LOOlO 
LOOlO 
LOOlO 

L0060 
L0060 
L0066 
L0065 
L0065 

LOllO 
LOllO 
L0116 
LOUS 
L0115 

1. 0145 
L0160 
L0165 
LOlOO 
L0165 

L0186 
L0185 
LOlOO 
1. 0196 
L0200 

L0215 
L0216 
L0220 
L0226 
L0235 

L0246 
L0246 
L0260 
1.0265 
L0266 

L0270 
L0270 
L0280 
L0280 
L0290 

>  The  tabulated  values  are  given  to  the  nearest  0.0005. 
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Table  28. — Conversion  of  density  basis 

Prepared  for  use  in  reducing  readinra  of  a  hydrometer  graduated  to  indicate  density  or  specific  gravity 
at  a  specified  standard  temperature,  T,  referred  to  water  at  a  specified  temperature,  T',  as  unity,  to  the 
basis  of  another  standard  temperature,  t.  and  reference  temperature,  t'. 

The  factor  A  (given  in  units  of  the  slxtn  decimal  place),  multiplied  by  the  density  or  specific-gravity 
reading,  gives  the  correction  to  be  applied  to  the  reading  to  reduce  it  to  the  required  basis. 

20** 
Suppose  a  hydrometer  indicates  specific  gravity  at  -r^  C,  and  it  is  required  to  know  the  correction  in 

order  that  it  shall  bidicate  specific  gravity  at  rrsrg  C,  then, 

15?66        20"       _20® 

nftO  15*56 

That  is,  if  the  hydrometer  indicates  correctly  a  specific  gravity  of  1 .5760  a.  -p- 1  then  at  rj^mjs  the  reading  of 

the  Instrument  will  be  too  low  by  1.6760X0.001062-0.0017.    A  correction  of  0.0017  must  therefore  be  added 

to  the  indication  of  the  hydrometer. 
Or,  if  a  maker  using  standards  indicating  D  20°/4**  C.  wishes  to  graduate  a  hydrometer  to  indicate  den* 

sity  at  15956  C.  referred  to  water  at  16956  C.  (D  15956A6966  C.)  the  readings  of  the  standard  must  be 

corrected  as  follows: 

Suppose  the  standard  correct  at  SO^M**  C.  reads L5760 

The  correction  to  be  applied  is +.0017 

Corresponding  reading  on  instrument  to  be  correct  at  15966/15966  C.  is 1. 5777 

The  table  is  calculated  for  Jena  16™  glass. 


Given 
basis  of 

Required  basis  of  density 
t 
t' 

density 

D^C. 

-f 

v"^ 

d'^« 

-'i 

-\l 

15.  M 
"l8.5« 

17.5 
"l7.5 

-1 

-i 

T 

A  (In  units  of  the  sixth  decimal  place) 

-f- 

0 

+116 

+172 

+217 

+230 

+1104 

+1177 

+1469 

+1884 

+2931 

°^ 

-115 

0 

+68 

+102 

+116 

+989 

+1062 

+1345 

+1769 

+2816 

-¥ 

-172 

-58 

0 

+45 

+68 

+932 

+1005 

+1287 

+1711 

+2758 

JJ15.56 

-217 

-102 

-46 

0 

+13 

+887 

+960 

+1242 

+1667 

+2713 

.LJ 

-230 

-116 

-68 

-13 

0 

+874 

+947 

+1229 

+1654 

+2T0O 

"'r^ 

-1103 

-888 

-931 

-886 

-878 

0 

+78 

+354 

+779 

+1828 

1,15. 5« 
15.60 

-1176 

-1061 

-1004 

-960 

-947 

-73 

0 

+281 

+706 

+1762 

Ijl7.5 
17.6 

-1457 

-1343 

-1286 

-1240 

-1227 

-354 

-281 

0 

+424 

+1471 

°i 

-1881 

-1766 

-1708 

-1664 

-1651 

-778 

-706 

-423 

0 

+1046 

°i 

-2»23 

-2808 

-2761 

-2707 

-2094 

-1821 

-1748 

-1468 

-1044 

J 

Note.— This  table  can  not  be  used  to  make  changes  of  density  basis  involving  the  exi>ansion  of  liquids 
other  than  water. 
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Table  29. — Weight  (in  grams) ,  at  various  pressures  and  temperatures f  of  1  liter  of 
dry  air  containing  0.04  V^  cent  of  CO2 

1  293052        h 
(Compated  from  the  formula  ^"iXo~oro67t^760'  ^^^^^  ^  ^  pressure  in  mm  of  mercury  at  0*  C,  and 

standard  gravity,  and  t  is  temperature  in  degrees  centigrade] 


|5 

Pressure  in  nun  of  Hg  (0°  C,  standard  gravity) 

720 

726 

730 

736 

740 

746 

760 

755 

760 

765 

770 

776 

16 
16 
17 
18 
19 

20 
21 
22 
23 
24 

26 
26 
27 
28 
29 

30 
31 

1. 1611 
1. 1671 
1.1631 
1.1491 
1.1461 

1.1412 
1.1373 
1.1336 
1.1296 
1.1258 

1.1220 
1.1183 
1.1146 
1.1106 
1.1072 

1.1086 
1.0999 

1.1691 
1.1661 
1.1611 
1. 1671 
1.1531 

1.1492 
1.1462 
1. 1414 
1.1376 
1.1337 

1.1208 
1.1261 
1.1223 
1.1186 
1.1149 

1. 1112 
1.1076 

1.1772 
1.1731 
1.1691 
1.1660 
1. 1611 

1. 1671 
1.1631 
1.1402 
1.1453 
1.1416 

1.1376 
1.1338 
1.1300 
1.1263 
1.1225 

1.1188 
1.1161 

1.1863 
1. 1812 
1.1771 
1.1730 
1.1690 

1.1660 
1. 1610 
1. 1671 
1.1632 
1.1403 

1.1464 
1. 1416 
1.1378 
1.1340 
1.1302 

1.1266 
1.1228 

1.1933 
1.1892 
1.1861 
1. 1810 
1.1770 

1.1720 
1.1689 
1.1660 
1. 1610 
1. 1671 

1.1632 
1.1494 
1.1466 
1. 1417 
1.1379 

1.1342 
1.1304 

1.2014 
1.1972 
1.1931 
1.1890 
1.1849 

1.1809 
1.1768 
1.1728 
1.1689 
1.1649 

1. 1610 
1. 1671 
1.1633 
1.1494 
1.1466 

1. 1418 
1.1381 

1.2096 
1.2063 
1.2011 
1.1970 
1.1929 

1.1888 
1.1847 
1.1807 
1.1767 
1.1727 

1.1688 
1.1649 
1. 1610 
1. 1671 
1.1633 

1.1406 
1.1467 

1.2176 
1.2133 
1.2001 
1.2049 
1.2006 

1.1967 
1.1926 
1.1886 
1.1846 
1.1806 

1.1766 
1.1727 
1.1687 
1.1648 
1. 1610 

1. 1671 
1.1533 

1.2256 
1.2213 
1,2171 
1.2129 
1.2068 

1.2046 
1.2006 
1.1966 
1.1924 
1.1884 

1.1844 
1.1804 
1.1766 
1.1726 
1.1687 

1.1648 
1. 1610 

1.2336 
1.2294 
1.2261 
1.2209 
1.2167 

1.2126 
1.2064 
1.2043 
1.2002 
1.1962 

1.1922 
1.1882 
1.1842 
1.1803 
1.1764 

1.1726 
1.1686 

1.2417 
1.2374 
1.2331 
1.2289 
1.2247 

1.2205 
1.2163 
1.2122 
1.2081 
1.2040 

1.2000 
1.1959 
1.1920 
1.1880 
1.1840 

1.1801 
1.1762 

1.2496 
1.2464 
1.2411 
1.2369 
1.2326 

1.2284 
1.2242 
1.2201 

1.2160 
1.2118 

1.2078 
1.2037 
1.1997 
1.1967 
1. 1917 

1.1878 
1.1839 

Table  30. — Buoyancy  constants  (mg/nU) 

[Difference  in  milligrams  between  the  mass  and  the  apparent  weight  of  1  milliliter  of  water  weighed  with 
brass  weights  (d=8.4)  in  air  at  various  temperatures  and  barometer  readings  (unreduced).  A  hu- 
midity of  60  per  cent  saturation  is  assumed.  To  find  the  weight  of  1  milliliter  of  air  under  the  con- 
ditions assumed  in  this  table,  multiply  the  buoyancy  constant  by  1.136  (42/37)] 


Pressure 

Temperature  in  degrees  centigrade 

15 

20 

25 

30 

640 

a904 

0.886 

0.869 

a  852 

660 

.918 

.000 

.883 

.866 

660 

.932 

.914 

.807 

.879 

670 

.946 

.928 

.911 

.893 

680 

.960 

.942 

.924 

.906 

1 

600        0 

.976 

.956 

.938 

.920 

1 

700 

.969 

.970 

.952 

.933 

706 

.906 

.977 

.958 

.940 

3 

710 

1.003 

.984 

.965 

.947 

a 

716 

1.010 

.991 

.972 

.963 

720 

1.017 

.998 

.979 

.960 

b 

726 

1.024 

1.004 

.985 

.967 

S 

730 

1.031 

1.011 

.992 

.973 

g 

736 

1.038 

1.018 

.999 

.980 

^ 

740 

1.046 

1.026 

1.006 

.967 

1 

746 

1.052 

1.032 

1.013 

.094 

» 

750 

1.069 

1.039 

1.090 

1.000 

.8 

755 

1.067 

1.046 

1.027 

1.007 

0 

760 

1.074 

1.063 

1.034 

1.014 

765 

1.081 

1.060 

1.040 

1.020 

770 

1.088 

1.067 

1.047 

1.027 

775 

1.096 

1.074 

1.054 

1.034 

780 

1.102 

1.061 

1.061 

1.041 
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Table  31. — Density  (in  grams  per  milliliter)  of  water  at  temperatures  from  0  to 

we"*  C.> 


TemDerature, 

Density 

Temperature, 

Density 

Tem^^tore, 

Density 

0 

0.  99987 

35 

0.  99406 

70 

0.  97781 

1 

.  99993 

36 

.  99371 

71 

.97723 

2 

.  99997 

37 

.  99336 

72 

.  97666 

3 

.  99999 

38 

.99299 

73 

.  97607 

4 

1.00000 

39 

.  99262 

74 

.  97548 

5 

.  99999 

40 

.  99224 

76 

.  97489 

6 

.  99997 

41 

.  99186 

76 

.  97428 

7 

.  99993 

42 

.  99147 

77 

.  97368 

8 

.99988 

43 

.  99107 

78 

.  97307 

0 

.  99981 

44 

.99066 

79 

.  97246 

10 

.  99973 

46 

.  99024 

80 

.97183 

11 

.  99963 

46 

.  98982 

81 

.  97120 

12 

.  99952 

47 

.  989^0 

82 

.  97057 

13 

.99940 

48 

.98896 

83 

.96994 

14 

.  99927 

49 

.  98852 

84 

.  96930 

15 

.  99913 

50 

.  98807 

86 

.  96865 

16 

.  99897 

51 

.  98762 

86 

.96800 

17 

.  99880 

52 

.  98715 

87 

.  96734 

18 

.  99862 

53 

.  98669 

88 

.  96668 

19 

.  99843 

54 

.  98621 

89 

.  96601 

20 

.  99823 

55 

.  98573 

90 

.  96534 

21 

.  99802 

56 

.  98524 

91 

.  96467 

22 

.  99780 

57 

.  98478 

92 

.  96399 

23 

.  99756 

58 

.  98425 

93 

.  96330 

24 

.99732 

59 

.  98375 

94 

.  96261 

25 

.  99707 

60 

.  98324 

95 

.  96192 

26 

.  99681 

61 

.  98272 

96 

.  96122 

27 

.  99654 

62 

.  98220 

97 

.  96051 

28 

.99626 

63 

.  98167 

98 

.  95981 

29 

99597 

64 

.98113 

99 

.95909 

30 

.  99567 

65 

.  98059 

100 

.95838 

31 

.99537  1 

66 

.98005 

101 

.  95765 

32 

.  99505 

67 

.  97950 

102 

.  95693 

33 

.  99473 

68 

.  97894 

34 

.  99440 

69 

.  97838 

35 

.  99406 

70 

.  97781 

Vccordicg  to  M.  Tbicieti,  Wks.  Abb.  der  Pbysikalisch-Techniscben  Reichsanstalt,  4,  No.  1;  190*. 
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[Under  standard  prenore  (76  cm),  at  every  tenth  i>art  of  a  defvee  of  the  international  hydrogen  scale  ftom 
0  to  41**  C.  in  grams  per  mflliliter  i] 

('Indicates  change  in  first  two  decimal  places.    See  next  line,  oohimn  0] 


De- 
grees 

Tenths  of  degrees 

Mean 
differ- 

centi- 

grade 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

ences 

0 

a000  8681 

8747 

8812 

8876 

8036 

8006 

0053 

9100 

0163 

0216 

-1-  59 

1 

0267 

0315 

0363 

0406 

0452 

0404 

0584 

9573 

0610 

0645 

+  41 

2 

0670 

0711 

0741 

0760 

0706 

0821 

0844 

0666 

0687 

0005 

+  24 

3 

0022 

0037 

0051 

0062 

0073 

0081 

0088 

9904 

0008 

•0000 

+  8 

4 

LOOO  0000 

•0000 

•0006 

•0002 

•0086 

•0070 

•0070 

•0060 

•0047 

•0034 

-  8 

5 

.090  0010 

0002 

0884 

0864 

0642 

0810 

0705 

0760 

0742 

0713 

-  24 

6 

0682 

0650 

0617 

0582 

0545 

0507 

0468 

0427 

0385 

0341 

-  39 

7 

0206 

0240 

0201 

0151 

0100 

0048 

8004 

8038 

8881 

8823 

-  53 

8 

8764 

8703 

8641 

8577 

8512 

8445 

8377 

8306 

8237 

8165 

-  67 

0 

8001 

8017 

7040 

7863 

7784 

7704 

7622 

7530 

7455 

7360 

-  81 

10 

7282 

7104 

7105 

7014 

6021 

6826 

6720 

6632 

0533 

6482 

-  95 

11 

6381 

6228 

6124 

6020 

5013 

5805 

5006 

5586 

5474 

5362 

-108 

12 

6248 

5132 

5016 

4808 

4780 

4660 

4538 

4415 

4201 

4166 

-121 

13 

4040 

3012 

3784 

3654 

3523 

3301 

3257 

3122 

2086 

2850 

-133 

14 

2712 

2572 

2431 

2280 

2147 

2008 

1858 

1711 

1564 

1416 

-146 

15 

1266 

1114 

0062 

0600 

0655 

0400 

0343 

0185 

0026 

•0866 

-156 

16 

.008  0705 

0542 

0378 

0214 

0048 

8881 

8713 

8544 

8373 

8202 

-168 

17 

8020 

7856 

7681 

7605 

7328 

7150 

6071 

6701 

6610 

6427 

-178 

18 

6244 

6058 

5873 

5686 

5408 

5300 

5110 

4027 

4735 

4541 

-190 

10 

4347 

4152 

3055 

3757 

3558 

3358 

3158 

2055 

2752 

2540 

-200 

20 

2343 

2137 

1030 

1722 

1511 

1301 

1000 

0678 

0663 

0440 

-211 

21 

0233 

0016 

•0700 

•0580 

•0360 

•0130 

•8017 

•8604 

•8470 

•8246 

-221 

22 

.007  8010 

7702 

7564 

7335 

7104 

6873 

6641 

6406 

6173 

5938 

-232 

23 

5702 

5466 

5227 

4088 

4747 

4506 

4264 

4021 

3777 

3531 

-242 

24 

3286 

3030 

2700 

2541 

2201 

2040 

1788 

1535 

1280 

1026 

—252 

25 

OT/O 

0513 

0255 

•0007 

•0736 

•0476 

•9214 

•8061 

•8688 

•8423 

-261 

26 

.006  8158 

7802 

7624 

7356 

7087 

6817 

6545 

6273 

6000 

5726 

-271 

27 

5451 

5176 

4808 

4620 

4342 

4062 

3782 

3500 

3218 

2035 

-280 

28 

2652 

2366 

2080 

1703 

1505 

1217 

0028 

0637 

0346 

0053 

-289 

20 

.005  0761 

0466 

0171 

8876 

8570 

8282 

7083 

7684 

7383 

7083 

-298 

30 

6780 

6478 

6174 

5869 

5564 

5258 

4050 

4642 

4334 

4024 

-307 

31 

3714 

3401 

3080 

2776 

2462 

2147 

1832 

1515 

1108 

0680 

-316 

32 

0561 

0241 

•0020 

•0500 

•0276 

•8054 

•8630 

•8304 

•7070 

•7653 

-324 

33 

.004  7325 

6007 

6668 

6338 

6007 

5676 

5345 

5011 

4678 

4343 

-332 

34 

4007 

3671 

8335 

2007 

2650 

2318 

1078 

1638 

1206 

0053 

-340 

35 

0610 

0267 

•0022 

•0576 

•0230 

•8883 

•8534 

•8186 

•7837 

•7486 

-347 

36. 

.003  7136 

6784 

^ 

6^/8 

6725 

5360 

5014 

4658 

4301 

3943 

-356 

37 

3585 

3226 

2505 

2144 

1782 

1410 

1055 

0601 

-362 

38 

.002  0060 

0503 

0227 

8859 

8400 

8120 

7751 

7380 

7006 

6636 

-370 

30 

6263 

5890 

5516 

5140 

4765 

4389 

4011 

3634 

3255 

2876 

-377 

40 

2407 

2116 

1734 

1352 

0071 

0587 

0203 

•0818 

•0433 

•9047 

-384 

41 

.001  8661 

)  According  to  P.  Chappais,  Bureau  international  des  Poids  et  Mesures,  TraYbUX  et  M6moires, 
XIII;  1007. 
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Circular  of  the  Bureau  of  Standards 
Table  SS.— Weight  of  1  gallon  of  water 


[This  table  is  baaed  on  the  water  densities  of  P.  Chappois  (Bureau  International  des  Poids  et  Mesans. 
Travaux  et  Mftmoires,  XIIIx  1907)  for  0  to  40°  C,  and  of  M.  Thieeen  (Wiss.  Abh.  der  Physikallsch- 
Technischen  Reichsanstalt,  4,  No.  1;  1904)  for  41  to  100°  G.  The  weights  in  air  are  for  dry  air  at  the 
same  temperature  as  the  water  up  to  40°  C.  and  at  a  (corrected)  barometric  pressure  of  760  mm  and 
against  brass  weights  of  8.4  density  at  0°  C.  Above  40°  C.  the  temperature  of  the  air  is  assumed  to  be 
20°  C,  i.  e.,  the  water  is  allowed  to  cool  to  20°  C.  before  the  weishizigs  are  made.  The  volumetric  com 
putations  are  based  on  the  relation  that  1  liter*  1.000027  cubic  decimeters  and  1  cubic  decimeter* 
61.023378  cubic  Inches.  The  weights  corresponding  to  154°  C.  (60°  F.)  and  161°  C.  (62°  F.)  have  been 
included  in  the  table  because  of  the  frequent  use  of  these  temperatures  in  engineering  and  industrial 
work] 


Weight  in  vacuo 

Weight  in  air 

Temnerature, 

Grams 

Pounds 

Grams 

Pounds 

0 

3781833 

&  34412 

3780.  520 

&  33461 

1 

5.055 

.34461 

0.756 

.33613 

2 

5.211 

.34495 

0.930 

.33551 

3 

5.303 

.34515 

1.037 

.33575 

4 

5.332 

.34522 

1.082 

.33585 

b 

5.302 

.34515 

1.067 

6 

5.212 

.34495 

0.992 

.33565 

7 

5.066 

.34463 

0.861 

.33536 

8 

4.864 

.34419 

0.675 

.33495 

0 

4.610 

.34363 

0.435 

.33443 

10 

4.303 

.34295 

0.144 

.33378 

11 

3.943 

.34216 

3779.798 

.33303 

12 

3.534 

.34125 

9.493 

.33315 

13 

3.076 

.34025 

8.960 

.83117 

14 

2.574 

.83914 

8.472 

.  33009 

15 

2.026 

.33793 

7.939 

.32802 

(16«)  60°  F. 

(3781. 703) 

(&  33732) 

(8777.623) 

(&  32823) 

16 

1.435 

.33663 

7.362 

.32765 

(161)  62°  F. 

(3781. 017) 

(&  33571) 

(3776.953) 

(a  32675) 

17 

0.801 

.33523 

6.741 

.32628 

18 

0.125 

.33374 

6.080 

.32482 

19 

3779.407 

.33216 

5.375 

.32327 

20 

a  649 

.33049 

4.630 

.32162 

21 

7.850 

.32872 

3.845 

.31980 

22 

7.012 

.32688 

3.021 

.3180» 

23 

6.135 

.32494 

2.157 

.  31617 

24 

5.220 

.32293 

1.256 

.31419 

25 

4.268 

.32063 

0.317 

.31212 

26 

3.279 

.31865 

3769.341 

.30996 

27 

2.254 

.31639 

8.329 

.30773 

28 

1.195 

.31405 

7.283 

.30543 

29 

0.100 

.31164 

6.201 

.30304 

30 

376&072 

.30915 

5.086 

.30058 

31 

7.812 

.30659 

a  938 

.29805 

32 

6.618 

.30396 

2.757 

.29545 

33 

5.393 

.30126 

1.545 

.29278 

34 

4.137 

.29849 

0.301 

.29003 

35 

2.851 

.29o66 

3759.  027 

.28723 

36 

1.536 

.29276 

7.725 

.28436 

37 

a  192 

.28979 

6.393 

.28142 

38 

3758. 820 

.28677 

5.083 

.27843 

39 

7.420 

.28368 

3.645 

.27536 

40 

fi.995 

.28054 

2.232 

.27225 

41 

4.52 

.2773 

0.53 

.2685 

42 

3.04 

.2740 

3749.05 

.2652 

43 

1.53 

.2707 

7.54 

.2619 

44 

3749.98 

.2673 

5.99 

.2585 

45 

a39 

.2638 

4.40 

.2550 

46. 

6.80 

.2603 

2.81 

.2515 

47 

5.21 

.2568 

1.23 

.2480 

48 

3.64 

.2531 

3739.50 

.2443 

49 

1.88 

.2494 

7.90 

.3407 
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Weight  in  vacuo 

Weight  in  air 

Temj^erature, 

Grams 

Pounds 

Orams 

Pounds 

00 

3740. 17 

a  2457 

3736.20 

&2360 

61 

3738.47 

.2410 

4.50 

.2332 

52 

6.60 

.2380 

2.72 

.2202 

53 

4.05 

.2341 

0.06 

.2254 

64 

3.13 

.2301 

3720.16 

.2214 

55 

1.32 

.2261 

7.35 

.2174 

66 

3720.46 

.2220 

6.50 

.2133 

67 

7.72 

.2182 

a76 

.2005 

68 

5.71 

.2138 

1.75 

.2051 

60 

a82 

.2006 

3710.86 

.2000 

60 

1.80 

.2064 

7.03 

.1066 

61 

3710.02 

.2010 

5.07 

.1023 

62 

7.05 

.1067 

4.00 

.1880 

63 

6.05 

.1023 

2.00 

.1835 

64 

3.00 

.1877 

3700.06 

.1700 

66 

1.86 

.1832 

7.01 

.1745 

66 

3700.82 

.1787 

5.87 

.1700 

67 

7.73 

.1741 

3.70 

.1666 

68 

6.61 

.1605 

1.67 

.1606 

60 

3.40 

.1648 

3600.56 

.1661 

70 

1.33 

.1600 

7.40 

.1614 

n 

3600.14 

.1562 

6.21 

.1466 

72 

6.08 

.1604 

3.06 

.1418 

78 

4.76 

.1455 

a82 

.1360 

74 

2.52 

.1406 

368&60 

.1810 

76 

a28 

.1867 

&36 

.1270 

76 

3687.07 

.1306 

4.06 

.1210 

77 

5.70 

.1256 

1.78 

.1160 

78 

3.30 

.1205 

3670.48 

.1110 

70 

1.06 

.1153 

7.13 

.1067 

80 

367a  70 

.1101 

4.70 

.1016 

81 

6.32 

.1040 

2.41 

.0063 

82 

3.03 

.0006 

ao2 

.0010 

83 

1.64 

.0044 

3667.64 

.0658 

84 

3660.12 

.0800 

5.22 

.0604 

86 

6.66 

.0636 

2.76 

.0750 

86 

4.20 

.0782 

0.31 

.0606 

87 

1.70 

.0727 

3667.81 

.0641 

88 

3660.21 

.0672 

5.31 

.0686 

80 

6.67 

.0616 

2.78 

.0530 

00 

4.13 

.0560 

0.25 

.0474 

01 

1.60 

.0504 

3647.71 

.0418 

02 

3640.02 

.0447 

5.14 

.0362 

03 

6.41 

.0300 

2.53 

.0304 

04 

3.80 

.0332 

3630L02 

.0247 

06 

1.10 

.0274 

7.32 

.0180 

06 

3638.54 

.0216 

4.67 

.0131 

07 

5.85 

.0157 

1.06 

.OOTi 

06 

3.20 

.0008 

3620.34 

.0018 

00 

0.47 

.0038 

6.61 

7.0068 

100 

3627.70 

7.0070 

3.03 

.0604 
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Circular  of  the  Bureau  of  Standards 
Table  34. — Weight  of  1  cubic  Soot  of  water 


ITbis  table  is  based  on  the  water  densitiefl  of  P.  Cbappuifl  (Bnreaa  Interxiational  des  PoidsetMennt, 
Travanx  et  M^moirea,  XIII;  ig07)  for  0  to  40"  C.  and  of  M.  Thtoeen  (Wiss.  Abb.  der  PbysikaUaoh- 
Tecbniacben  Reichaanstalt,  4,  No.  1;  1004)  for  41  to  100*  O.  The  weights  In  air  are  for  dry  air  at  the 
same  temperature  as  the  water  up  to  40**  C.  and  at  a  (corrected)  barometric  pressure  of  760  mm  and 
against  brass  weights  of  8.4  density  at  0*  C.  Above  40**  C.  the  temx>erature  of  the  air  is  assumed  to 
be  20**  C,  i.  e.,  the  water  is  allowed  to  oool  to  ao**  C.  before  the  weighings  are  made.  The  volumetric 
computations  are  based  on  the  relation  that  1  liter « 1.000027  cubic  decimeters  and  1  cubic  decimeter « 
01.023378  cubic  inches.  The  weights  corresponding  to  IH"*  C.  (00**  F.)  and  10|<*  C.  (62**  F.)  have 
been  included  in  the  table  because  of  the  frequent  use  of  these  temperatures  in  engineering  and  indua- 
trial  work) 


Weight  in  vacuo 

Weight  in  air 

Temnerature, 

Grams 

Pounds 

Grams 

Pounds 

0 

28312.617 

62.4183 

2828a  254 

02.3472 

1 

14.178 

.4220 

8Z033 

.3511 

2 

16w345 

.4246 

83.321 

.3540 

8 

16.033 

.4261 

84.121 

.3567 

4 

16i250 

.4266 

84.458 

.3565 

5 

16.025 

.4261 

84.345 

.3562 

6 

15.362 

.4246 

83.784 

.3560 

7 

14.260 

.4222 

82.804 

.3528 

8 

12.749 

.4189 

81. 413 

.3408 

9 

10.849 

.4147 

79.618 

.3458 

10 

08.652 

.4096 

77.441 

.3410 

11 

05.869 

.'4037 

74.853 

.3353 

12 

02.800 

.3969 

71.898 

.3288 

13 

28299.374 

.3894 

68.584 

.3215 

14 

95.619 

.3811 

64.933 

.3134 

15 

91.  519 

.3720 

6a  946 

.3046 

(16S)60«F. 

(28289. 103) 

(62.3667) 

(2R258.  58) 

(62.2994) 

16 

87.096 

.3623 

56.630 

.2961 

(16|)62*»F. 

(28283.971) 

(62.3554) 

(28253.57) 

(62.2884) 

17 

82.356 

.3518 

51.985 

.2849 

18 

77.299 

•  .3407 

47.040 

.2740 

19 

71.928 

.3289 

41.766 

.2624 

20 

66.258 

.3164 

36.193 

.2501 

fil 

6a281 

.3032 

3a  321 

.2371 

22 

64.012 

.2894 

24.157 

.2235 

23 

47.452 

.2749 

17.694 

.2093 

24 

4a  607 

.2598 

ia954 

.1944 

25 

3a  485 

.2441 

03.030 

.1789 

26 

26.087 

.2278 

28196. 629 

.1629 

27 

1&420 

.2109 

89.059 

.1462 

28 

10  500 

.1934 

81.234 

.1289 

29 

02.307 

.1764 

73.140 

.1111 

30 

28193.869 

.1668 

64.799 

.0927 

31 

85.191 

.1376 

56.212 

.0737 

32 

76.259 

.1179 

47.377 

.0543 

33 

67.096 

.0977 

3a  311 

.0343 

34 

57.700 

.0770 

29.005 

.0138 

36 

4a  080 

.0558 

19.475 

6L9926 

36 

38.243 

.0341 

09.735 

.9713 

87 

28.190 

.0120 

28099.771 

.9493 

38 

17.926 

61.9893 

89.696 

.9269 

30 

07.454 

.9663 

79.216 

.9040 

40 

28096.794 

.9428 

6a  645 

.8807 

41 

85.76 

.918 

55.90 

.853 

42 

74.71 

.894 

44.86 

.828 

43 

63.39 

.869 

33.56 

.803 

44 

51.78 

.844 

21.94 

.778 
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Weight  In  ▼MOO 

Weisht  ta  ttr 

Temperature, 

Grams 

Poonds 

Grama 

PooQds 

46 

28080.88 

0L817 

280ia00 

8t7«a 

4« 

28.00 

.701 

2700110 

.796 

47 

10.10 

.706 

8181 

.800 

48 

03.64 

.737 

73.80 

.078 

40 

STOOL  18 

.710 

01.43 

.044 

50 

78.44 

.082 

4100 

.010 

61 

05.70 

.054 

3100 

.688 

62 

52L30 

.02« 

23.07 

.660 

63 

30.37 

.508 

00.06 

.880 

64 

2&77 

.500 

2780108 

.800 

65 

1118 

.530 

82.60 

.470 

66 

27806.31 

.605 

0104 

.440 

67 

86.28 

.470 

6103 

.411 

68 

70.27 

.448 

40.63 

.878 

60 

60.12 

.412 

3140 

.847 

60 

41.07 

.380 

12.00 

.815 

01 

20.05 

.348 

27787.30 

.288 

02 

12.22 

.316 

8Z06 

.280 

03 

27707.21 

.282 

07.00 

.317 

04 

8L02 

.240 

6X38 

.184 

05 

00.03 

.215 

37.11 

.160 

00 

51.34 

.181 

21.83 

.110 

07 

35.77 

.147 

0127 

.082 

08 

10.01 

.112 

27000.44 

.047 

00 

0106 

.077 

74.60 

.013 

70 

27087.02 

.041 

6147 

0AO7O 

71 

7L40 

.005 

4Z07 

.010 

72 

55.86 

00.070 

3105 

.006 

78 

38.04 

.083 

00.26 

.808 

74 

2L04 

.800 

27502.57 

.881 

76 

05u23 

.850 

7188 

.704 

70 

27587.00 

.821 

6102 

.768 

n 

70.07 

.784 

4L05 

.710 

78 

63.00 

.745 

34.80 

.881 

70 

30ul4 

.707 

0180 

.042 

80 

18L56 

.808 

27480.82 

.004 

81 

0a75 

.820 

7L60 

.604 

82 

"Z^ 

.580 

6108 

.626 

88 

.650 

8189 

.480 

84 

48.05 

.510 

17.78 

.448 

8ft 

28l64 

.470 

27388.87 

,40ft 

88 

lau 

.428 

80.00 

.8ftft 

87 

2788L44 

82  81 

.834 

88 

72.7ft 

.'847 

4105 

.382 

88 

ftlL78 

.808 

3170 

.3a 

88 

8181 

.388 

0174 

.188 

tl 

llu84 

.221 

2738180 

,WT 

88 

2791 S8 

-178 

87.60 

.lift 

88 

77.65 

.188 

410ft 

.073 

M 

57.51 

.001 

3162 

.038 

8ft 

87.87 

.018 

08.81 

88.880 

88 

11  U 

.089 

27188,39 

«»«3 

87 

2719105 

fa  801 

m.u 

.888 

88 

7121 

.81« 

48.88 

.«&« 

88 

57.88 

-878 

3101 

.800 

188 

87.78 

.828 

0187 

.706 
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Table  35. — Apparent  weight  (in  gram*)  of  water  in  air 

[This  table  gives  the  apparent  weight,  for  temperatures  between  15  and  30°  C.  humidity  50  per  oent»  unre- 
duced barometer  reading  76  cm  of  certain  volumes  of  water  weighed  with  brass  weights.  This  table 
is  based  onthe  data  given  in  Tables  30  and  32,  and  may  be  conveniently  employed  to  determine  definite 
volumes  of  water  for  calibrating  instruments.  The  table  assumes  the  air  to  be  at  the  same  temperature 
as  the  water] 


Temp,  in 
degreesC. 

2,000  ml 

1,000  ml 

600  ml 

400  ml 

300  ml 

250  ml 

150  ml 

15 

1,  996.  11 

998.  05 

499.  03 

399.  22 

299.  42 

249.  51 

149.  71 

16 

1,  995.  80 

997.  90 

498.  95 

399.  16 

299.  37 

249.  48 

149.68 

17 

1,  995.  48 

997.  74 

498.  87 

399.  10 

299.  32 

249.  43 

149.  66 

18 

1,  995.  13 

997.  56 

498.  78 

399.  03 

299.  27 

249.  39 

149.63 

19 

1,  994.  76 

997.  38 

498.  69 

398.  95 

299.21 

259.  34 

149.  61 

20 

1,  994.  36 

997.  18 

498.  59 

39a  87 

299.  15 

249.  30 

149.  58 

21 

1,  993.  95 

996.97 

49a  49 

39a  79 

299.09 

249.  24 

149.55 

22 

1,  993.  61 

996.  76 

498.  38 

39a  70 

299.  03 

249.  19 

149.  51 

23 

1,  993.  06 

996.  53 

498.  26 

39a  61 

29a  96 

249.  13 

149.  48 

24 

1,  992.  68 

996.  29 

498.  15 

39a  52 

29a  89 

249.  07 

149.44 

25 

1,  992.  09 

996.  04 

498.  02 

39a  42 

29a  81 

249.  01 

149.  41 

26 

1,  991.  57 

995.  79 

497.  89 

39a  31 

29a  74 

24a  95 

149.  37 

27 

1,  991.  04 

995.  52 

497.  76 

39a  21 

29a  66 

24a  88 

149.33 

28 

1,  990.  49 

995.  24 

497.  62 

39a  10 

29a  57 

24a  81 

149.  29 

29 

1,  989.  92 

994.96 

497.  48 

397.  98 

29a  49 

24a  74 

149.  24 

30 

1,  989.  33 

994.66 

497.  33 

397.  87 

29a  40 

24a  67 

149.  20 

Table  36. — Temperature  correction  for  glass  volumetric  apparatus 

[This  table  give^the  correction  to  be  added  to  actual  eapaclty  (determined  at  certain  temperatures)  to  give 
the  capacity  at  the  stcmdard  temperature,  20°  C .  Conversely,  by  substracting  the  corrections  from  the 
i  ndicated  capacity  of  an  instrument  standard  at  20°  C .  the  corresponding  capacity  at  other  temperatures 
is  obtained.  The  table  assumes  for  the  cubical  coefficient  of  expansion  of  glass  0.000025  per  degree 
centigrade.  The  coefficients  of  expansion  of  glasses  used  for  volumetric  instruments  vary  from  0.000023 
to  0.000028] 


Temp,  in 
degreesC. 

2,000  ml 

1,000  ml 

500  ml 

400  ml 

300  ml 

250  ml 

15 

-hO.  25 

+  0.  12 

+0.06 

+0.05 

+0.04 

+0.  031 

16 

+.20 

+  .10 

+.05 

+.04 

+.03 

+.025 

17 

+.15 

+.08 

+.04 

+.03 

+.02 

+.019 

18 

+.10 

+.05 

+.02 

+.02 

+.02 

+  .012 

19 

+.05 

+.02 

+.01 

+.01 

+.01 

+.006 

21 

-.05 

-.02 

-.01 

-.01 

-.01 

-.006 

22 

-.10 

-.05 

-.02 

-.02 

-.02 

-.012 

23 

-.  15 

-.08 

-.04 

-.03 

-.02 

-.019 

24 

-.20 

-.  10 

-.05 

-.04 

-.03 

-.025 

25 

-.25 

-.  12 

-.06 

-.05 

-.04 

-.031 

26 

-.30 

-.  15 

-.08 

-.06 

-.04 

-.038 

27 

-.35 

-.  18 

-.09 

-.07 

-.05 

-.044 

28 

-.40 

-.20 

-.  10 

-.08 

-.06 

-.050 

29 

-.45 

-.22 

-.11 

-.09 

-.07 

-.056 

30 

-.50 

-.25 

-.  12 

-.10 

-.08 

-.062 

Digitized  by 


Google 


Standard  Density  and  Volumetric  Tables 
Table  37. — Apparent  weight  (in  grams)  of  water  in  air 


53 


[This  table  gives  the  apparent  weight  of  certain  volumes  of  water  weighed  against  brass  weights  in  air, 
humidity  fiO  per  cent,  barometer  reading  76  cm  (unredaced),  weighings  being  made  at  20*  C,  the 
water  and  air  oeing  at  the  same  temperature.  It  aiflers  from  Table  30  only  in  its  greater  temperatore 
range  and  in  the  fact  that  the  wa  ter  is  allowed  to  oome  to  a  temperature  of  20*  C .  before  the  weishingB 
are  made.  The  weighings  may  be  made  at  any  temperature  between  18  and  22*  without  introducing 
errors  greater  than  1  mg.  per  100  oc.  1 


Temp. 

in  de- 
grees C. 

2.000  ml 

1.000  ml 

500  ml 

400  ml 

300  ml 

250  ml 

150  ml 

15 

1,  99a  14 

998.  07 

499.04 

399.  23 

299.  42 

249.  52 

149.  71 

16 

1,  995.  83 

997.  92 

498.96 

399.  17 

299.  38 

249.  48 

149.  69 

17 

1,  995.  50 

997.75 

498.  87 

399.  10 

299.  32 

249.44 

149.  66 

18 

1,  995.  14 

997.  57 

49^79 

399.  03 

299.27 

249.  39 

149.64 

19 

1,  994.  76 

997.38 

498.  69 

398.95 

299.21 

249.  35 

149.  61 

20 

1,  994.  36 

997.18 

49^59 

398,  87 

299.  15 

249.  30 

149.  58 

21 

1,  993.  94 

996.97 

498.  49 

398.  79 

299.09 

249.  24 

149.  55 

22 

1,  993.  50 

996.  75 

498.  37 

398.  70 

299.02 

249.  19 

149.  51 

23 

1,  993.  04 

996.52 

498.  26 

39a  61 

29a  96 

249.  13 

149.  48 

24 

1,  992.  55 

996.28 

498.  14 

39a  51 

29a  88 

249.  07 

149.44 

25 

1,  992.  05 

996.03 

49a  01 

39a  41 

29a  81 

249.  01 

149.  40 

26 

1,  991.  53 

995.  76 

497.  88 

39a  31 

29a  73 

24a  94 

149.  36 

27 

1,  990.  99 

995.49 

497.  75 

39a  20 

29a  65 

24a  87 

149.  32 

28 

1,  990.  43 

995.  21 

497.  61 

39a  09 

29a  56 

24a  80 

149.28 

29 

1,  989.  85 

994.93 

497.  46 

397.  97 

29a  48 

24a  73 

149.  24 

30 

1,  989.  26 

994.63 

497.  31 

397.85 

29a  39 

24a  66 

149.  19 

35 

1,  986.  02 

993.01 

496.  51 

397.  20 

297.90 

24a  25 

148.95 

40 

1,  982.  41 

991.  20 

495.  60 

396.48 

297.  36 

247.  80 

14a  68 

45 

1,  978.  4 

989.2 

494.6 

395.7 

296.8 

247.3 

14a  4 

50 

1,  974.  1 

987.0 

493.5 

394.8 

296.1 

246.8 

14a  1 

65 

1,  969.  4 

984.7 

492.3 

393.9 

295.4 

246.2 

147.7 

60 

1,964.4 

982.2 

491.1 

392.9 

294.7 

245.6 

147.3 

65 

1,  959.  1 

979.6 

489.8 

391.8 

293.9 

244  9 

14a  9 

70 

1,  953.  6 

976.8 

488.4 

390.7 

293.0 

244  2 

14a  5 

75 

1,  947.  7 

973.9 

486.9 

389.5 

292.2 

24a  5 

146.1 

80 

1,  941.  6 

970.8 

485.4 

38a  3 

291.2 

242.7 

14a  6 

85 

1,  935.  3 

967.6 

483.8 

387.1 

290.3 

241.9 

14a  1 

90 

1,  928.  6 

964.3 

482.2 

385.7 

289.3 

241.1 

144  6 

95 

1,  921.  8 

960.9 

480.5 

384.4 

28a  3 

240.2 

144  1 

100 

1,  914.  7 

957.4 

478.7 

382.9 

287.2 

239.3 

143.6 
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Table  38. — Temperature  correction  for  volumetric  soltUions 

[This  table  gives  the  correction  to  various  observed  volumes  of  water,  measured  at  the  designated  tempera* 
tures,  to  give  the  volume  at  the  standard  temperature,  ao^  C.  Conversely,  by  subtracting  the  correc- 
tions from  the  vohmie  desired  at  90**  C,  the  volume  that  must  be  measured  out  at  the  designated 
temperatures  in  order  to  give  the  desired  volume  at  20°  C,  will  be  obtained.  It  is  assumed  that  the 
volumes  are  measured  in  glass  apparatus  having  a  coefficient  of  cubical  expansion  of  0.000025  per  degree 
centigrade.  The  table  is  applicable  to  dilute  aqueous  solutions  having  the  same  coeffident  ofez- 
panslon  as  water] 


Capacity  of  apparatus  in  miUUiters  at  20<*  C. 

atureof 
measure- 

2,000 

1,000 

600 

400 

300 

260 

160 

ment  "C 

Correction  in  milliliters  to  give  volume  of  water  at  20*  C. 

15 

+  1.54 

+a77 

+a38 

+0.31 

+0.23 

+ai9 

+a  12 

16 

+  1.28 

+.64 

+.32 

+.26 

+.19 

+.16 

+.10 

17 

+.99 

+.60 

+.25 

+.20 

+.16 

+.12 

+.07 

18 

+.68 

+.34 

+.17 

+.14 

+.10 

+.08 

+.05 

19 

+.36 

+.18 

+.09 

+.07 

+.06 

+.04 

+.03 

21 

-.37 

-.  18 

-.09 

-.07 

-.06 

-.06 

-.03 

22 

-.77 

-.38 

-.19 

-.16 

-.12 

-.10 

-.06 

23 

-1.18 

-.69 

-.30 

-.24 

-.  18 

-.15 

-.09 

24 

-1.61 

-.81 

-.40 

-.32 

-.24 

-.20 

-.  12 

25 

-2.07 

-1.03 

-.62 

-.41 

-.31 

-.26 

-.15 

26 

-2.64 

-1.27 

-.64 

-.61 

-.38 

-.32 

-.19 

27 

-3.03 

-1.62 

-.76 

-.61 

-.46 

-.38 

-.23 

28 

-3.66 

-1.77 

-.89 

-.71 

-.63 

-.44 

-.27 

29 

-4.08 

-2.04 

-1.02 

-.82 

-.61 

-.61 

-.31 

30 

-4.62 

-2.31 

-1.16 

-.92 

-.69 

-.68 

-.35 

In  using  the  above  table  to  correct  the  volume  of  certain  standard 
solutions  to  20®  C.  more  accurate  results  will  be  obtained  if  the  nu- 
merical values  of  the  corrections  are  increased  by  the  percentages 
given  below: 


Solution 

Normality 

N 

N/2 

N/IO 

HNOt 

50 
45 

40 
40 

25 
25 
25 
20 

6 
6 
5 

4 

H1SO4 

NaOH 

KOH 
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The  weight  of  a  body  in  vacuo  is  determined  by  adding  to  its 
apparent  weight  in  air  a  buoyancy  correction  equal  to  the  weight  of 
tne  air  displaced  by  the  difiFerence  in  volume  of  tne  body  weighed  and 
the  weights  required  to  balance  it  on  an  equal  arm  balance. 

if =»  weight  in  vacuo ;  W=  apparent  weight  in  air ;  p  =  density  of  air ; 
<Zi  =  density  of  body-  rfj^ density  of  weights. 

The  following  table  has  been  computed  for  p  =  0.0012: 


Correction  factor,  k 

Correction  factor,  Ic 

Density 

Density 
of  body 
weighed, 

of  body 
weighed 

Pt.Ir. 

Brass 

Quartz  or 

Pt.Ir. 

Brass 

Quartz  or 

g/cm» 

weights 

weights 

Al.Wts. 

g/om> 

weights 

weights 

Al.Wts. 

d-21.6g/cm» 

8.4 

2.66 

d-21.6g/cm« 

8.4 

2.65 

as 

+2L36 

+2  26 

+1.96 
+1.66 

6.0 

+ai8 

+aio 

-a  21 

.6 

+1.95 

+1.86 

&0 

+.15 

+.06 

-.25 

.7 

+1.66 
-i-L45 

+1.67 

+1.26 

7.0 

+.12 
+.10 

+.08 

-.28 

.8 

+1.30 

+1.05 

ao 

+.01 

-.30 

.» 

+1.28 

+L19 

+.88 

9.0 

+.08 

-.01 

-.32 

LO 

+1.14 

+1.06 

+.76 

lao 

+.06 

-.02 

-.88 

LI 

+1.04 

+.96 

+.64 

11.0 

+.06 

-.08 

-.84 

L2 

+.M 

+.86 

+.56 

12  0 

+.04 

-.94 

-.85 

L8 

+.87 

+.78 

+.47 

13.0 

+.04 

-.06 

-.86 

L4 

+.80 

+.72 

+.40 

14.0 

+.08 

-.06 

-.37 

L5 

+.74 

+.66 

+.85 
+.30 

16.0 

+.02 

-.06 

-.87 

L« 

+.69 

+.61 

16.0 

+.02 

-.07 

-.88 

1.7 

+.66 
+.61 

+.66 

+.25 

17,0 

+.01 

-.07 

-.88 

L8 

+.62 

+.21 

18.0 

+.01 
+.01 

-.08 

-.89 

L9 

+.68 

+.49 

+.18 

19.0 

-.08 

-.89 

2.0 

+.54 

+.46 

+.15 

2ao 

.00 

-.06 

-.89 

2.5 

+.42 

+.34 

+.03 

21.0 

.00 

-.09 

-.40 

8.0 

+.34 

+.26 

-.06 

220 

.00 

-.09 

-.40 

a.5 

+.29 

+.20 

-.11 

23.0 

.00 

-.09 

-.40 

4.0 

+.24 

+.16 

-.16 

24.0 

-.01 

-.09 

-.40 
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TABLES  OP  CORRECTIONS  FOR  DETERMINING  THE  TRUE  CAPACITIES 
OF  GLASS  VESSELS  FROM  THE  WEIGHT  OP  WATER  IN  AIR 

Tables  35  to  47  are  intended  for  the  calculation  of  capacities  of 
glass  vessels  of  common  sizes  from  the  weight  (in  air)  of  the  water 
contained  or  delivered.  They  give  for  each  nominal  capacity  and 
observed  temperature  the  amounts  to  be  added  to  the  apparent 
weight  (in  air  against  brass  weights)  of  the  water  contained  in  or 
deUvered  by  a  glass  vessel  to  give  the  capacity  in  milliliters  at  20*^  C. 
They  are  calculated  on  the  following  data  assmned  as  approximat- 
ing ordinary  conditions : 

Observed  barometric  pressure 76  cm 

Relative  humidity 50  per  cent 

Coefficient  of  expansion  of  glass... 0.000025  per  **  C. 

EXAMPLE   OF   USE   OF  TABLE 

Determination  of  capacity  of  glass  measiu*ing  flask  marked  "  To 
contam  250  ml  at  20^  C." 

Apparent  weight  of  water  at  the  observed  tempera- 
ture 22?  3  C 249.198g 

From  Table  40,  correction .813 

Actual  capacity  at  20° 250.011  ml 

Table  40. — Indicated  capacity  250  ml 
[Amounts  to  be  added  to  apparent  weight  of  water  in  grams  to  obtain  actual  capacity  in  milliliters  at  20^  C] 


Tenths  of  degrees 

Tempera- 
ture in  de- 

grees C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

16 

a  618 

a  621 

a  524 

a  628 

a  530 

a634 

a  537 

a540 

a643 

a546 

16 

.650 

.554 

.556 

.660 

.663 

.667 

.670 

.674 

.678 

.681 

17 

.684 

.588 

.592 

.596 

.699 

.603 

.606 

.610 

.614 

.618 

18 

.622 

.626 

.630 

.633 

.638 

.642 

.646 

.649 

.664 

.668 

19 

.662 

.666 

.670 

.674 

.679 

.683 

.687 

.692 

.696 

.700 

ao 

.706 

.709 

.714 

.718 

.722 

.727 

.732 

.736 

.741 

.746 

21 

.760 

.764 

.760 

.764 

.769 

.774 

.778 

.784 

.788 

.793 

22 

.798 

.804 

.808 

.813- 

.818 

.824 

.828 

.834 

.839 

.844 

23 

.849 

.854 

.860 

.865 

.870 

.875 

.881 

.886 

.892 

.897 

24 

.902 

.908 

.913 

.919 

.924 

.930 

.936 

.941 

.947 

.962 

25 

.968 

.964 

.969 

.976 

.961 

.966 

.993 

.998 

1.004 

LOlO 

26 

1.016 

1.022 

1.028 

1.034 

1.040 

1.046 

1.062 

1.068 

1.064 

1.070 

27 

1.076 

1.082 

1.089 

1.095 

1.101 

1.106 

1.114 

1.120 

1.126 

1.132 

28 

1.139 

1.146 

1.152 

1.158 

1.166 

1.172 

1.178 

1.184 

1.191 

1.198 

29 

1.204 

1.211 

1.218 
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TABLES  OF  CORRBCTIONS  FOR  DETERMINING  THE  TRUE  CAPACITIES 
OF  GLASS  VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR— Contd. 

[Amounts  to  be  added  to  apparent  weight  of  water  in  grams  to  obtain  actual  capacity  in  milliliters  at  20**  C .] 

Table  41. — Indicated  capacity  200  ml 


Tempera- 
ture in 

Tenths  of  degrees 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

» 

15 

a  414 

a  417 

0.419 

0.422 

a  424 

0.427 

0.430 

0.432 

0.435 

0.437 

16 

.440 

.443 

.445 

.448 

.451 

.464 

.466 

.459 

.462 

.466 

17 

.468 

.470 

.473 

.477 

.479 

.482 

.485 

.488 

.491 

.494 

18 

.497 

.501 

.504 

.507 

.510 

.513 

.516 

.519 

.523 

.526 

19 

.529 

.538 

.536 

.540 

.548 

.546 

.560 

.553 

.557 

.560 

ao 

.564 

.667 

.671 

.574 

.578 

.582 

.585 

.589 

.503 

.596 

21 

.600 

.604 

.608 

.612 

.615 

.619 

.623 

.627 

.631 

.635 

22 

.639 

.643 

.647 

.650 

.665 

.659 

.663 

.667 

.671 

.676 

23 

.679 

.683 

.688 

.092 

.606 

.700 

.705 

.709 

.713 

.717 

24 

.722 

.726 

.731 

.735 

.739 

.744 

.748 

.753 

.767 

.762 

25 

.766 

.771 

.775 

.780 

.785 

.789 

.794 

.799 

.803 

.806 

28 

.813 

.818 

.822 

.827 

.832 

.837 

.842 

.846 

.851 

.856 

27 

.861 

.866 

.871 

.876 

.881 

.886 

.891 

.896 

.901 

.906 

28 

.911 

.917 

.922 

.927 

.932 

.937 

.942 

.947 

.953 

.958 

29 

.963 

.909 

.974 

Table  42. — Indicated  capacity  150  ml 

Tempera- 
ture in 

Tenths  of  degrees 

degrees  C. 

0 

I 

2 

3 

4 

6 

6 

7 

.      8 

9 

15 

a  311 

0.318 

a  314 

0.316 

0.318 

0.320 

0.322 

0.324 

a  326 

a328 

16 

.330 

.332 

.334 

.336 

.338 

.340 

.342 

.344 

.346 

.349 

17 

.351 

.353 

.355 

.857 

.350 

.362 

.364 

.366 

.368 

.871 

18 

.373 

.375 

.378 

.380 

.383 

.385 

.387 

.390 

.392 

.305 

19 

.397 

.400 

.402 

.405 

.406 

.410 

.412 

.415 

.418 

.420 

20 

.423 

.425 

.428 

.431 

.433 

.436 

.430 

.442 

.445 

.448 

21 

.450 

.453 

.456 

.450 

.461 

.464 

.467 

.470 

.478 

.476 

22 

.479 

.483 

.485 

.488 

.491 

.494 

.497 

.500 

.503 

.506 

23 

.509 

.612 

.516 

.519 

.522 

.525 

.529 

.532 

.535 

.538 

24 

.541 

.546 

.548 

.561 

.554 

.558 

.562 

.565 

.568 

.571 

25 

.676 

.678 

.581 

.685 

:588 

.502 

.506 

.509 

.602 

.606 

26 

.610 

.613 

.617 

.620 

.624 

.628 

.631 

.635 

.688 

.642 

27 

.045 

.649 

.653 

.657 

.661 

.664 

.668 

.672 

.676 

.680 

28 

.684 

.688 

.091 

.095 

.609 

.708 

.707 

.711 

.715 

.719 

29 

.722 

.726 

.730 

Table  ^3,— Indicated  capacity  100  ml 

Tempera- 
ture in 
degrees  C. 

Tenths  of  degrees 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

15 

0.207 

a206 

a  210 

a  211 

a  212 

a  213 

a  215 

a  216 

a  217 

a  219 

16 

.220 

.221 

.223 

.224 

.225 

.227 

.228 

.280 

.281 

.232 

17 

.234 

.235 

.237 

.238 

.240 

.241 

.243 

.244 

.246 

.247 

18 

.249 

.250 

.252 

.253 

.255 

.257 

.258 

.260 

.261 

.263 

19 

.265 

.266 

.266 

.270 

.272 

.278 

.275 

.277 

.278 

.280 

20 

.282 

.284 

.285 

.287 

.280 

.291 

.203 

.294 

.296 

.298 

21 

.800 

.802 

.304 

.306 

.308 

.310 

.312 

.314 

.315 

.317 

22 

.319 

.321 

.323 

.326 

.327 

.329 

.331 

.833 

.336 

.338 

23 

.340 

.342 

.344 

.346 

.348 

.350 

.352 

.354 

.367 

.360 

24 

.361 

.363 

.865 

.868 

.370 

.872 

.874 

.376 

.879 

.381 

26 

.383 

.886 

.388 

.390 

.302 

.396 

.397 

.399 

.402 

.404 

26 

.406 

.409 

.411 

.414 

.416 

.418 

.421 

.423 

.426 

.428 

27 

.481 

.433 

.436 

.438 

.440 

.443 

.446 

.448 

.461 

.463 

28 

.466 

.468 

.461 

.463 

.466 

.469 

.471 

.474 

.476 

.479 

29 

.482 

.484 

.487 

1 
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TABLES  OF  CORRECTIONS  FOR  DETERlilNING  THE  TRUE  CAPACITIES 
OF  GLASS  VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR— Contd. 

[Amounts  to  be  added  to  apparent  weight  of  water  in  grams  to  obtain  actual  capacity  in  milliliters  at  20*  O.] 

Table  44. — Indicated  capacity  90  ml 


Tempera- 
ture in 

Tenths  of  degrees 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

a  186 

a  188 

a  180 

0.100 

0.101 

0.102 

0.103 

0.104 

0.106 

0.107 

10 

.108 

.100 

.200 

,202 

.203 

.204 

.205 

.207 

.208 

.200 

17 

.210 

.212 

.218 

.214 

.216 

.217 

.218 

.220 

.221 

.222 

18 

.224 

.225 

.227 

.228 

.230 

.231 

.232 

.284 

.235 

.237 

10 

.238 

.240 

.241 

.243 

.244 

.246 

.247 

.240 

.261 

.262 

20 

.254 

.255 

.257 

.268 

.260 

.262 

.263 

.265 

.267 

.268 

21 

.270 

.272 

.273 

.275 

.277 

.278 

.280 

.282 

.284 

.286 

22 

.287 

.280 

.201 

.203 

.205 

.206 

.208 

.800 

.302 

.304 

23 

.306 

.308 

.800 

.811 

.313 

.315 

.317 

.310 

.821 

.323 

24 

.325 

.827 

.320 

.331 

.333 

.335 

.337 

.380 

.841 

.343 

25 

.345 

.347 

.340 

.351 

.353 

.355 

.357 

.850 

.862 

.364 

26 

.866 

.368 

.370 

.372 

.374 

.377 

.370 

.381 

.883 

.385 

27 

.888 

.300 

.802 

.804 

.306 

.300 

.401 

.408 

.406 

.408 

28 

.410 

.412 

.416 

.417 

.410 

.422 

.424 

.426 

.420 

.431 

29 

.434 

.436 

.438 

Table  45. — Indicated  capacity  80  ml 

tare  in 

Tenths  of  degrees 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

0.166 

0.167 

0.168 

0.160 

0.170 

a  171 

0.172 

0.173 

0.174 

0.175 

16 

.176 

.177 

.178 

.170 

.180 

.181 

.183 

.184 

.185 

.186 

17 

.187 

.188 

.180 

.101 

.192 

.103 

.194 

.106 

.106 

.106 

18 

.100 

.200 

.201 

.208 

.204 

.205 

.206 

.206 

.200 

.210 

10 

.212 

.213 

.214 

.216 

.217 

.218 

.220 

.221 

.228 

.224 

20 

.226 

.227 

.228 

.280 

.231 

.283 

.234 

.236 

.287 

.230 

21 

.240 

.241 

.243 

.245 

.246 

.248 

.249 

.251 

.252 

.254 

22 

.265 

.257 

.250 

.260 

.262 

.264 

.265 

.267 

.268 

.270 

28 

.272 

.273 

.275 

.277 

.278 

.280 

.282 

.284 

.285 

.287 

24 

.280 

.200 

.202 

.204 

.206 

.298 

.200 

.301 

.308 

.305 

25 

.306 

.308 

.810 

.312 

.314 

.316 

.318 

.320 

.321 

.323 

26 

.325 

.827 

.320 

.331 

.333 

.335 

.337 

.339 

.341 

.342 

27 

.344 

.346 

.348 

.850 

.352 

.354 

.356 

.358 

.360 

.362 

28 

.365 

.367 

.860 

.371 

.373 

.875 

.377 

.370 

.381 

.383 

20 

.385 

.387 

.300 

Table  46. — Indicated  capacity  70  ml 

Tenths  of  degrees 

Tempera- 
ture in 

degrees  C. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

15 

a  145 

a  146 

0.147 

0.148 

0.148 

0.149 

0.150 

0.151 

0.152 

0.158 

16 

.154 

.155 

.156 

.157 

.168 

.169 

.160 

.161 

.162 

.163 

17 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

.172 

.178 

18 

.174 

.175 

.176 

.177 

.178 

.180 

.181 

.182 

.183 

.184 

10 

.185 

.186 

.188 

.189 

.190 

.191 

.192 

.194 

.196 

.196 

20 

.197 

.199 

.200 

.201 

.202 

.204 

.205 

.206 

.207 

.200 

21 

.210 

.211 

.213 

.214 

.216 

.217 

.218 

.220 

.221 

.222 

22 

.224 

.225 

.226 

.228 

.229 

.230 

.232 

.233 

.235 

.236 

23 

.288 

.239 

.241 

.242 

.244 

.245 

.247 

.248 

.250 

.251 

24 

.253 

.254 

.256 

.257 

.259 

.260 

.262 

.263 

.265 

.267 

25 

.268 

.270 

.271 

.273 

.274 

.276 

.278 

.280 

.281 

.288 

26 

.284 

.286 

.288 

.289 

.291 

.293 

.294 

.296 

.298 

.200 

27 

.301 

.303 

.305 

.307 

.308 

.310 

.312 

.814 

.315 

.317 

28 

.319 

.321 

.323 

.324 

.326 

.328 

.330 

.332 

.333 

.335 

29 

.337 

.339 

.341 
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TABLES  OF  CORRECTIONS  FOR  DETERMINING  THE  TRUE  CAPACITIES 
OF  GLASS  VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR—Contd. 

[Amounts  to  be  added  to  apparent  weight  of  water  in  grams  to  obtain  actual  capacity  in  millilitera.] 

Table  47. — Indicated  capacity  60  ml 


Tenths  of  degrees 

Tempera- 
ture in 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

a  124 

a  125 

a  126 

ai27 

a  127 

a  128 

a  120 

a  130 

a  130 

a  131 

16 

.132 

.133 

.134 

.134 

.135 

.136 

.137 

.138 

.130 

.140 

17 

.140 

.141 

.142 

.143 

.144 

.145 

.140 

.147 

.147 

.148 

18 

.140 

.150 

.151 

.162 

.153 

.154 

.156 

.156 

.157 

.168 

10 

.150 

.160 

.161 

.162 

.163 

.164 

.165 

.160 

.167 

.168 

20 

.160 

.170 

.171 

.172 

.173 

.175 

.176 

.m 

.178 

.170 

21 

.180 

.181 

.182 

.183 

.185 

.186 

.187 

.188 

.180 

.100 

22 

.102 

.103 

.104 

.105 

.106 

.108 

.190 

.200 

.201 

.202 

23 

.204 

.205 

.206 

.206 

.200 

.210 

.211 

.213 

.214 

.215 

24 

.216 

.218 

.210 

.220 

.222 

.223 

.225 

.226 

.227 

.228 

25 

.230 

.231 

.232 

.234 

.235 

.237 

.238 

.240 

.241 

.242 

20 

.244 

.245 

.247 

.248 

.250 

.251 

.253 

.254 

.255 

.267 

27 

.258 

.260 

.261 

.263 

.264 

.266 

.267 

.200 

.270 

.272 

28 

.273 

.275 

.276 

.278 

.280 

.281 

.283 

.284 

.280 

.288 

29 

.280 

.201 

.202 

Table  48. — Indicated  capacity  50  ml 

Tempera- 
ture in 

Tenths  Of  degrees 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

a  104 

0.104 

a  105 

a  106 

a  106 

a  107 

a  107 

a  108 

a  100 

a  100 

16 

.110 

.111 

.111 

.112 

.113 

.113 

.114 

.115 

.116 

.116 

17 

.117 

.118 

.118 

.110 

.120 

.121 

.121 

.122 

.123 

.124 

18 

.124 

.125 

.126 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

10 

.132 

.133 

.134 

.135 

.136 

.137 

.137 

.138 

.139 

.140 

20 

.141 

.142 

.143 

.144 

.144 

.145 

.146 

.147 

.148 

.140 

21 

.150 

.151 

.152 

.153 

.154 

.155 

.156 

.157 

.158 

.150 

22 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

.160 

23 

.170 

.171 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.170 

124 

.180 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.180 

.100 

25 

.102 

.193 

.194 

.195 

.196 

.197 

.199 

.200 

.201 

.202 

26 

.203 

.204 

.206 

.207 

.208 

.209 

.210 

.212 

.213 

.214 

27 

.215 

.216 

.218 

.219 

.220 

.222 

.223 

.224 

.225 

.226 

28 

.228 

.229 

.230 

.232 

.233 

.234 

.236 

.237 

.238 

.240 

20 

.241 

.242 

.244 

Table  49. — Indicated  capacity  45  ml 

Tempera- 
ture in 

Tenths  of  degrees 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

a  003 

aoo4 

a094 

a  095 

0.095 

a096 

a  097 

a  097 

a098 

ao96 

16 

.099 

.100 

.100 

.101 

.101 

.102 

.103 

.103 

.104 

.105 

17 

.105 

.106 

.107 

.107 

.108 

.108 

.109 

•    .110 

.111 

.111 

18 

.112 

.113 

.113 

.114 

.115 

.115 

.116 

.117 

.118 

.118 

19 

.119 

.120 

.121 

.121 

.122 

.123 

.124 

.124 

.125 

.126 

20 

.127 

.128 

.128 

.129 

.130 

.131 

.132 

.132 

.133 

.134 

21 

.135 

.136 

.137 

.138 

.138 

.139 

.140 

.  141 

.142 

.143 

22 

.144 

.146 

.145 

.146 

.  147          .  148 

.149 

.150 

.161 

.152 

23 

.153 

.154 

.155 

.156 

.  157          .  158 

.159 

.160 

.160 

.161 

24 

.162 

.163 

.164 

.165 

.  166          .  167 

.168 

.169 

.170 

.171 

25 

.172 

.173 

.174 

.176    1      .177 

.178 

.179 

.180 

.181 

.182 

26 

.  183 

.  184 

.  185 

.  186 

.187 

.188 

.189 

.190 

.192 

.193 

27 

.194 

.195 

.196 

.197 

.198 

.199 

.201 

.202 

.203 

.204 

28 

.205 

.206 

.207 

.209 

.210 

.211 

.212 

.213 

.214 

.216 

29 

.217 

.218 

.219 

__ 
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TABLES  OF  CORRECTIONS  FOR  DETERMINING  THE  TRUE  CAPACITIES 
OF  GLASS  VESSELS  FROM  THE  WEIGHT  OF  WATER  IN  AIR— Ck)ntd. 

[Amounts  to  be  added  to  apparent  weight  of  water  in  grams  to  obtain  actual  capacity  in  minHiten  at  90**  C] 

Table  50. — Indicated  capacity  40  ml 


Tempera- 
ture in 

Tenths  of  degrees 

degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

0.083 

0.083 

0.084 

a084 

0.085 

a085 

0.086 

0.086 

0.087 

a087 

16 

.088 

.080 

.080 

.000 

.000 

.001 

.001 

.002 

.002 

008 

17 

.004 

.004 

.005 

.005 

.006 

.006 

.007 

.008 

.008 

.000 

18 

.000 

.100 

.101 

.101 

.102 

.102 

.103 

.104 

.105 

.106 

10 

.106 

.107 

.107 

.108 

.100 

.100 

.110 

.111 

.111 

.112 

20 

.113 

.113 

.114 

.115 

.116 

.116 

.117 

.118 

.110 

.110 

21 

.120 

.121 

.122 

.122 

.123 

.124 

.125 

.125 

.126 

.127 

22 

.128 

.120 

.120 

.130 

.131 

.132 

.133 

.133 

.134 

.135 

23 

.136 

.137 

.138 

.138 

.130 

.140 

.141 

.142 

.143 

.143 

24 

.144 

.145 

.146 

.147 

.148 

.140 

.150 

.151 

.151 

.152 

25 

.153 

.154 

.155 

.156 

.157 

.158 

.150 

.160 

.161 

.162 

26 

.163 

.164 

.164 

.165 

.166 

.167 

.168 

.160 

.170 

.171 

27 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.170 

.180 

.181 

28 

.182 

.188 

.184 

.186 

.186 

.187 

.188 

.180 

.101 

.102 

20 

.103 

.104 

.105 

Table  51. — Indicated  capacity  35  ml 

Tenths  of  degrees 

Tempera- 
ture in 
degrees  C. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

15 

a073 

0.073 

0.073 

a  074 

0.074 

a  076 

.075 

a  076 

a076 

aa76 

16 

.077 

.078 

.078 

.078 

.070 

.070 

.080 

.080 

.081 

.081 

17 

.082 

.082 

.083 

.063 

.084 

.084 

.065 

.065 

.086 

.086 

'       18 

.087 

.088 

.088 

.080 

.060 

.000 

.000 

.001 

.001 

.002 

10 

.002 

.003 

.004 

.004 

0.05 

.006 

.006 

.007 

.007 

.008 

20 

.000 

.000 

.100 

.100 

.101 

.102 

.102 

.103 

.104 

.104 

21 

.105 

.106 

.106 

.107 

.108 

.108 

.100 

.110 

.110 

.111 

22 

.112 

.113 

.113 

.114 

.115 

.115 

.116 

.117 

.117 

.118 

23 

.110 

.120 

.120 

.121 

.122 

.122 

.123 

.124 

.125 

.126 

24 

.126 

.127 

.128 

.120 

.120 

.130 

.131 

.132 

.133 

.133 

25 

.134 

.135 

.136 

.13r 

.137 

.238 

.130 

.140 

.141 

.141 

26 

.142 

.143 

.144 

.145 

.146 

.146 

.147 

.148 

.140 

.150 

27 

.151 

.162 

.152 

.153 

.154 

.155 

.166 

.167 

.158 

.150 

28 

.150 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

20 

.160 

.170 

.170 

Table  52. — Indicated  capacity  SO  ml 


Tenths  of  degrees 

Tempera- 
ture in 

degrees  C. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

0 

15 

a062 

a063 

a063 

0.063 

a064 

0.064 

0064 

a065 

a065 

ao6« 

16 

.066 

.066 

.067 

.067 

.068 

.068 

.068 

.060 

.060 

.070 

17 

.070 

.071 

.071 

.071 

.072 

.072 

.073 

.073 

.074 

.074 

18 

.075 

.075 

.076 

.076 

.077 

.077 

.078 

.on 

.078 

.070 

10 

.070 

.060 

.060 

.081 

.081 

.082 

.082 

.083 

.084 

.084 

20 

.085 

.085 

.086 

.086 

.087 

.087 

.088 

.088 

.080 

.060 

21 

.000 

.001 

.001 

.002 

.002 

.003 

.003 

.004 

.004 

.005 

22 

.006 

.006 

.007 

.008 

.008 

.000 

.000 

.100 

.101 

.101 

23 

.102 

.103 

.103 

.104 

.104 

.105 

.106 

.106 

.107 

.106 

24 

.106 

.100 

.110 

.110 

.111 

.112 

.112 

.113 

.114 

114 

26 

.116 

116 

.116 

.117 

118 

.118 

.110 

.120 

.121 

.121 

26 

.122 

.123 

.123 

.124 

.125 

.126 

.126 

.127 

.128 

.128 

27 

.120 

.130 

.131 

.131 

.132 

.133 

.134 

.134 

.136 

.136 

20 

.137 

.137 

.138 

.130 

.140 

.141 

.141 

.142 

.143 

.144 

20 

.145 

.146 

.146 
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MASTER  SCALES  FOR  THE  GRADUATION  OF  HYDROMETERS 

The  accompanying  tabl^  were  prepared  for  the  use  of  hydrometer 
makers  in  the  graduation  of  hydrometer  scales  to  indicate  percentages 
of  ethyl  alcohol  by  weight  at  20*"  C  or  by  volume  at  60"*  F,  and 
they  give  the  proportional  length  of  any  part  of  the  hydrometer 
scale,  assimiing  that  the  entire  scale  has  a  length  of  1000  mm.*  and 
that  the  hydrometer  stem  is  of  uniform  cross  section.  For  example, 
if  it  is  required  to  construct  a  hydrometer  scale  having  a  certain 
range  the  spacing  of  the  graduations  of  the  scale  should  be  made 
proportional  to  the  differences  of  the  lengths  shown  in  the  table  for 
that  range. 

These  tables  were  prepared  from  the  alcoholometric  tables 
published  in  this  circular  (Tables  2  and  3).  The  original  work  on 
which  the  tables  are  based  is  described  in  detail  in  the  Bulletin  of 
the  Bureau  of  Standards,  vol.  9,  p.  328  (Reprint  No.  197).  The 
indications  of  hydrometers  graduated  in  accordance  with  these  master 
scales  will  be  on  the  basis  officially  adopted  by  the  Bureau  of  Stand- 
ards. Hydrometers  may  also  be  graduated  to  indicate  percentages 
of  ''proof  spirit,"  according  to  the  official  tables  of  the  United  States 
Bureau  of  Internal  Revenue  (adopted  1913),  by  the  use  of  the  accom- 
panying master  scale  intended  for  the  graduation  of  hydrometers  to 
indicate  percentages  of  alcohol  by  volume  at  60*^  F.  The  percentage 
of  proof  spirit  is  in  every  case  twice  the  percentage  of  alcohol  by 
volmne.  For  example,  25  per  cent  alcohol  by  volimie  is  equivalent 
to  60  per  cent  proof  spirit;  50  per  cent  alcohol  by  volume  is  equiva- 
lent to  100  percent  proof  spirit.  The  spacing  of  the  graduations  for 
proof  spirit  hydrometers  can,  therefore,  be  taken  directly  from  Table 
54,  the  per  cent  alcohol  by  volmne  being  multiplied  by  2  in  each 
case  to  give  the  equivalent  per  cent  proof  spirit. 

>  Any  other  oonvenient  anit  may  be  employed;  the  tabulated  lengths  will  then  be  in  that  unit. 
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Tablb  53. — Master  scale  Jor  the  graduation  of  hydrometers  to  indicate  percentages 
of  ethyl  cUcohol  by  weight  at  20°  C. 

[Total  length  of  scale  1,000  mm] 


Per  cent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

mm 

mm 

mm 

mm 

mm 

ao 

0.00 

5.0 

33,78 

lao 

62.96 

15.0 

89.50 

aao 

115.45 

.1 

.71 

.1 

34.40 

.1 

63.61 

.1 

90.00 

.   .1 

115.99 

.3 

1.42 

.2 

35.02 

.2 

64.06 

.2 

90.50 

.2 

116.53 

.3 

2.13 

.3 

35.64 

.3 

64.61 

.3 

91.00 

.3 

117.07 

.4 

2.84 

.4 

36.26 

.4 

65.16 

.4 

91.50 

.4 

117. 61 

.6 

3.65 

.5 

36.87 

.5 

65.71 

.5 

91.99 

.5 

iiai5 

.6 

4.26 

.6 

37.48 

.6 

66.26 

.6 

92.48 

.6 

11&09 

.7 

4.97 

.   .7 

38.06 

.7 

66.81 

.7 

92.98 

.7 

119.23 

.8 

5.08 

.8 

38.68 

.8 

67.36 

.8 

93.48 

.8 

119.78 

.9 

6.38 

.9 

39.28 

.9 

67.91 

.9 

93.98 

.9 

120.33 

1.0 

7.08 

6.0 

39.88 

11.0 

68.45 

16.0 

94.49 

21.0 

120.88 

.1 

7.78 

.1 

40.48 

.1 

68.99 

.1 

95.00 

.1 

121.43 

.2 

8.48 

.2 

41.08 

.2 

69.53 

.2 

95.51 

.2 

12L96 

.3 

9.18 

.3 

41.68 

.3 

7a  07 

.3 

96.02 

.3 

122.53 

.4 

9.88 

.4 

42.28 

.4 

70.61 

.4 

96.53 

.4 

123.06 

.6 

10.68 

.5 

42.88 

.5 

71.15 

.6 

97.04 

.6 

123.63 

.6 

11.28 

.6 

43.47 

.6 

71.69 

.6 

97.55 

.6 

124.18 

.7 

11.97 

.7 

44.06 

.7 

72.23 

.7 

96.06 

.7 

124.73 

.8 

12.66 

.8 

44.65 

.8 

72.77 

.8 

98.67 

.8 

125.28 

.9 

13.35 

.9 

46.24 

.9 

73.31 

.9 

99.08 

.9 

125.83 

2.0 

14.04 

7.0 

45.82 

12.0 

73.84 

17.0 

99.60 

22.0 

126.38 

.1 

14.73 

.1 

46.40 

.1 

74.37 

.1 

100.12 

.1 

126l94 

.2 

15.42 

.2 

46.98 

.2 

74.90 

.2 

100.64 

.2 

127.60 

.3 

16.11 

.3 

47.56 

.3 

76.43 

.3 

101.16 

.3 

128.06 

.4 

16.80 

.4 

48.14 

.4 

75.96 

.4 

101.68 

.4 

128.62 

.6 

17.49 

.5 

48.72 

.5 

76.49 

.5 

102.20 

.5 

129.19 

.« 

18.18 

.6 

49.30 

.6 

77.02 

.6 

102.72 

.6 

129.76 

.7 

ia87 

.7 

49.88 

.7 

77.65 

.7 

103.24 

.7 

130.33 

.8 

19.55 

.8 

60.46 

.8 

78.08 

.8 

103.76 

.8 

130.90 

.9 

20.22 

.9 

51.04 

.9 

78.61 

.9 

104.28 

.9 

131. 47 

3.0 

20.89 

8.0 

51.62 

13.0 

79.13 

18.0 

104.80 

23.0 

132.04 

.1 

21.66 

.1 

52.19 

.1 

79.65 

.1 

105.32 

.1 

132.61 

.2 

22.22 

.2 

52.76 

.2 

80.17 

.2 

105.85 

.2 

133.18 

.3 

22.88 

.3 

53.33 

.3 

80.69 

.3 

106.38 

.3 

133.75 

.4 

23.54 

.4 

53.90 

.4 

8L21 

.4 

106.91 

.4 

134.32 

.5 

24.20 

.5 

54.47 

.5 

81.73 

.5 

107.44 

.5 

134.89 

.6 

24.85 

.6 

65.04 

.6 

82.25 

.6 

107.97 

.6 

135.46 

.7 

25.60 

.7 

55.61 

.7 

82.77 

.7 

108.50 

.7 

136.08 

.8 

26.15 

.8 

56.18 

.8 

83.29 

.8 

109.03 

.8 

136.60 

.9 

26.80 

.9 

66.76 

.9 

83.81 

.9 

109.66 

.9 

137. 18 

4.0 

27.46 

9.0 

57.32 

14.0 

84.33 

19.0 

110.09 

24.0 

137.76 

.1 

28.09 

.1 

57.89 

.1 

84.85 

.1 

110.62 

.1 

138.34 

.2 

28.73 

.2 

68.46 

.2 

85.37 

.2 

111.15 

.2 

138.92 

.3 

29.37 

.3 

59.03 

.3 

85.89 

.3 

111.68 

.3 

139.60 

.4 

30.01 

.4 

69.60 

.4 

86.41 

.4 

112.21 

.4 

140.09 

.5 

30.64 

.5 

60.17 

.5 

86.93 

.5 

112.75 

.5 

14a  68 

.6 

31.27 

.6 

60.73 

.6 

87.45 

.6 

113.29 

.6 

141.27 

.7 

31.90 

.7 

61.29 

.7 

87.97 

.7 

113.83 

.7 

141.86 

.8 

32.53 

.8 

61.85 

.8 

88.49 

.8 

114.37 

.8 

142.45 

.9 

33.16 

.9 

62.41 

.9 

89.00 

.9 

114,91 

.9 

143.04 

fiwO 

33.78 

lao 

62.96 

16.0 

89.60 

20.0 

115.45 

25.0 

143.63 
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Table  63. — Master  scale  for  the  graduation  of  hydrometers  to  indicate  percentages 
of  ethyl  alcohol  by  weight  at  20°  C. — Continued 


Pveeot 
alcohol 

Length 

Peroeot 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

mm 

mm 

mm 

mm 

mm 

26.0 

148.03 

30.0 

17&98 

35.0 

213.09 

4ao 

25174 

45.0 

30a41 

.1 

144.22 

170.63 

.1 

213.88 

255.02 

301.85 

.2 

144.82 

177.33 

.2 

214.07 

250.60 

302L29 

.3 

145.42 

17&03 

.3 

21&40 

267.88 

308.28 

.4 

140.02 

17&73 

.4 

210.20 

258.20 

30117 

.6 

140.82 

179.43 

.5 

217.00 

259.14 

305.12 

.6 

147.23 

180.13 

.0 

217.80 

20a02 

30107 

.7 

147.84 

180.84 

.7 

218.60 

20a90 

307.02 

.8 

148c  45 

181.65 

.8 

219.40 

201.79 

307.97 

.0 

140.00 

182.26 

.9 

220.20 

262.68 

308.92 

910 

140.07 

3L0 

182.97 

30.0 

221.00 

41.0 

263.57 

40.0 

809.88 

.1 

15a  28 

183.68 

.1 

22L80 

26140 

3ia84 

.2 

15a90 

184.40 

.2 

222L67 

265.35 

311.80 

.3 

151.52 

185.12 

.3 

228.48 

260.24 

312.70 

.4 

152^14 

185.85 

.4 

22129 

267.14 

313.72 

.5 

1621  n 

180.58 

.5 

225.10 

268.04 

31168 

.6 

158.40 

187.31 

.0 

225.91 

268.94 

315.04 

.7 

154.08 

18a  04 

.7 

226.73 

209.84 

31100 

.8 

154.60 

188.77 

.8 

227.55 

27a  74 

317.50 

.9 

155.29 

189.51 

.9 

228.37 

271.04 

31152 

27.0 

155.98 

32.0 

190.25 

37.0 

229.19 

42.0 

272.55 

47.0 

8ia49 

.1 

150.57 

19a  99 

.1 

230.01 

273.40 

320.40 

.2 

157.21 

191.73 

.2 

230.84 

27137 

321.43 

.3 

157.85 

192.47 

.3 

231.67 

275.28 

322L40 

.4 

158.49 

108.21 

.4 

232.50 

276.19 

323.87 

.5 

150.14 

193.95 

.5 

233.34 

277.11 

82134 

.6 

160.79 

194.00 

.0 

234.18 

278.08 

325.81 

.7 

10a44 

195.44 

.7 

235.02 

278.95 

32128 

.8 

161.09 

196.19 

.8 

235.80 

279.87 

327.25 

.0 

161. 74 

190.94 

.9 

23170 

28a  79 

328.22 

&0 

102.40 

83.0 

197.09 

38.0 

287.54 

43.0 

281.71 

410 

829.19 

.1 

163.00 

1         .1 

198.45 

.1 

238.38 

282.03 

33110 

.2 

163.72 

199.21 

.2 

239.23 

.2 

283.55 

33L14 

.3 

164.38 

199.97 

.3 

240.08 

28148 

332.12 

.4 

165.04 

200.73 

.4 

24a  93 

286.41 

333.10 

.5 

165.70 

201.49 

.5 

241.78 

280.34 

33109 

.« 

16&37 

202.25 

.0 

242.03 

287.27 

33106 

.7 

167.04 

203.01 

.7 

243.49 

288.20 

33107 

.8 

167.71 

203.77 

.8 

244.35 

289.13 

337.00 

.0 

168.38 

204.53 

.9 

245.21 

29a  07 

33105 

29.0 

109.00 

34.0 

206.30 

39.0 

240.07 

410 

291.01 

49.0 

330.04 

.1 

100.74 

200.07 

.1 

246.93 

291.95 

34a  08 

.2 

17a  42 

206.84 

.2 

247.79 

292L89 

341.02 

.3 

171.10 

207.61 

.3 

248.65 

293.83 

342L01 

.4 

17L78 

208.38 

.4 

24a  51 

29177 

343.00 

.5 

172.47 

200.16 

.5 

25a  38 

295.71 

34199 

.6 

173.16 

200.94 

.0 

251.25 

29165 

34198 

.7 

173.85 

2ia72 

.7 

252.12 

297.59 

34197 

.8 

174.54 

211.51 

.8 

252.99 

298.53 

34196 

.9 

175.23 

212.30 

.9 

253.80 

299.47 

347.96 

30.0 

1 

175.98 

06396^- 

1      35.0 
-24t 

J    213.09 

-6 

4ao 

25174 

45.0 

30a41 

oao 

34190 

Digitized  by 


Google 


64 


Circular  of  ike  Bureau  of  Standards 


Table  53. — Master  scale  for  the  graduation  of  hydrometers  to  indicate  percentageM 
of  ethyl  cdcohol  by  weight  at  20^  C. — Continued 


Percent 
alcohol 

Length 

Percent 
alcohol 

T^tngth 

Per  cent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

Percent 
alcohol 

Length 

mtn 

mm 

mm 

mm 

mm 

fiao 

348.96 

65.0 

40a41 

oao 

45111 

66.0 

6iai9 

7ao 

56a  65 

.1 

349.96 

.1 

401.46 

.1 

455.21 

.1 

61L84 

500.85 

.2 

3da90 

.2 

402.52 

.2 

456.31 

.2 

612.49 

,  2 

671.05 

.3 

35L90 

.3 

403.58 

.3 

457.41 

.3 

513.64 

572.25 

.4 

352.96 

.4 

40164 

.4 

458.51 

.4 

51179 

673.45 

.5 

353.97 

.5 

405.70 

.6 

450.61 

.6 

616.94 

67165 

.0 

35198 

.6 

40a76 

.6 

46a  71 

.6 

517.09 

•  6 

57a  85 

.7 

356.99 

.7 

407.82 

.7 

461.82 

.7 

518.24 

577.05 

.8 

357.01 

.8 

408.88 

.8 

462.93 

.8 

519.39 

67a  25 

.0 

358w03 

.9 

409.94 

.9 

46104 

.9 

520.64 

57a  46 

5L0 

350.05 

56.0 

4U.00 

6L0 

465.15 

6ao 

521.70 

7L0 

58a  67 

.1 

3fla07 

.1 

412.06 

.1 

46a  26 

.1 

522.86 

581.88 

.2 

361.09 

.2 

413.12 

.2 

467.37 

.2 

62102 

583.09 

.3 

362.11 

.3 

41118 

.8 

468.48 

.3 

525.18 

•  8 

58130 

.4 

363.13 

.4 

415.24 

.4 

469.59 

.4 

52a  34 

585.51 

.6 

36115 

.5 

416.31 

.6 

47a  70 

.6 

527.60 

.  5 

68a  72 

.« 

365.17 

.6 

417.38 

.6 

471.81 

.6 

62a  66 

587.93 

.7 

366.19 

.7 

4ia45 

.7 

472L92 

.7 

629.82 

589.14 

.8 

367.22 

.8 

419.  62 

.8 

47103 

.8 

53a  98 

.8 

500.35 

.0 

36&25 

.9 

42a  69 

.9 

475.14 

.9 

532.14 

.0 

59L56 

62.0 

309.28 

57.0 

42L66 

62.0 

47a  25 

67.0 

533.80 

72.0 

69177 

.1 

37a  31 

.1 

422.73 

.1 

477.37 

.1 

63146 

.  1 

503.99 

.2 

371.34 

.2 

423.80 

.2 

478.49 

.2 

63a  62 

.2 

595.21 

.3 

372.37 

.3 

42187 

.3 

479.61 

.8 

63a  79 

.  8 

50a43 

.4 

373.40 

.4 

425.94 

.4 

48a  73 

.4 

537.96 

,  4 

607.65 

.b 

37143 

.5 

427.01 

.6 

48L85 

.6 

539.13 

,  5 

50a87 

.« 

375. 46 

.6 

428.06 

.6 

482.97 

.6 

64a  30 

.  6 

60a09 

.7 

376l49 

.7 

429.15 

.7 

48109 

.7 

541.47 

.  7 

601.31 

.8 

377.62 

.8 

43a  22 

.8 

485.21 

.8 

64164 

.8 

60153 

.9 

378.65 

.9 

43L29 

.9 

48a  33 

.9 

543.81 

.0 

603.75 

63.0 

379.58 

58.0 

432.37 

63.0 

487.46 

6ao 

54198 

78.0 

604.98 

.1 

38a  61 

.1 

433.45 

.1 

488.59 

.1 

54a  15 

60a21 

.2 

381.64 

.2 

43153 

.2 

489.72 

.2 

647.82 

607.44 

.3 

382.67 

.3 

436.61 

.3 

490.85 

.3 

54a  49 

.8 

60a67 

.4 

383.70 

.4 

436.60 

.4 

491.98 

.4 

649.66 

.  4 

609.90 

.6 

38173 

.5 

437.77 

.6 

493.11 

.5 

65a  84 

611. 13 

.« 

385.76 

.6 

438.85 

.6 

49124 

.6 

652.02 

•  6 

61136 

.7 

386.80 

.7 

439.03 

.7 

495.37 

.7 

653.20 

613.50 

.8 

387.84 

.8- 

441.02 

.8 

49a  50 

.8 

55138 

61182 

.9 

38&88 

.9 

44Z11 

.9 

497.64 

.9 

655.56 

'^ 

6ia06 

610 

389.92 

50iO 

443.20 

610 

49a  78 

6ao 

65a  74 

710 

617.29 

.1 

39a  96 

.1 

44129 

.1 

499.92 

.1     ' 

557.92 

6ia53 

.2 

392.01 

.2 

445.38 

.2 

501.06 

.2 

550.10 

,  2 

6ia77 

.3 

393.06 

.8 

446.47 

.3 

502.20 

.3 

660.29 

62L01 

.4 

39111 

.4 

447.56 

.4 

503.34 

.4 

561.48 

,  4 

02125 

.5 

395.16 

.6 

448.65 

.5 

50148 

.6 

662.67 

62149 

.0 

396.21 

.6 

449.74 

.6 

605.62 

.6 

563.86 

.  6 

62173 

.7 

397.26 

.7 

45a  83 

.7 

506.76 

.7 

565.05 

62198 

.8 

398.31 

.8 

45L92 

.8 

507.90 

.8 

56a  25 

627.23 

.9 

399.36 

.9 

453.01 

.9 

509.04 

.9 

667.45 

62a  48 

6&0 

40a41 

6ao 

45111 

65.0 

6iai9 

7a  0 

56a  65 

75.0 

62a  73 
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Tablb  53. — Master  scale  for  the  graduation  of  hydrometers  to  indicate  percentages 
of  ethyl  alcohol  by  weight  at  20^  C, — Continued 


Percent 
aloobol 

Length 

Percent 
alcohol 

Length 

Per  cent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

mm 

mm 

mm 

mm 

mm 

7fluO 

029.73 

8ao 

693.50 

86.0 

76a  69 

9ao 

832.76 

95.0 

91L46 

63a  96 

.1 

09181 

.1 

762.06 

.1 

83126 

.1 

913.12 

032.28 

.2 

696.12 

.2 

763.47 

.2 

835.76 

.2 

91178 

633.48 

.3 

607.43 

.3 

76186 

.3 

837.27 

.3 

9ia44 

634.73 

.4 

098.74 

.4 

766.25 

.4 

83a  78 

.4 

9iaii 

63&96 

.5 

70a06 

.5 

767.65 

.5 

84a  29 

.5 

919. 79 

637.23 

.6 

701.38 

.6 

769.05 

.6 

841.80 

.6 

921.47 

638.48 

.7 

702L70 

.7 

77a  46 

.7 

843.32 

.7 

923.16 

639.73 

.8 

704.02 

.8 

771.85 

.8 

84184 

.8 

02185 

64a  96 

.0 

706.34 

.9 

773.25 

.9 

84a  37 

.9 

92a  64 

76lO 

642.23 

81.0 

706.66 

86.0 

77166 

9L0 

847.90 

9ao 

92a  24 

643.48 

.1 

707.98 

.1 

776.07 

.1 

849.43 

.1 

929.94 

644.73 

.2 

709.30 

.2 

777.48 

.2 

85a  96 

.2 

93L64 

64&99 

.3 

7ia62 

.3 

778.80 

.3 

852.50 

.3 

933.35 

647.25 

.4 

71L95 

.4 

78a  30 

.4 

85104 

.4 

935.06 

648L61 

.5 

713.28 

.5 

781.72 

.5 

855.58 

.5 

93a  78 

649.77 

.6 

71161 

.6 

783.14 

.6 

857.12 

.6 

93a  50 

66L03 

.7 

716.94 

.7 

78156 

.7 

85a  67 

.7 

94a  22 

662.29 

.8 

717.27 

.8 

786.96 

.8 

86a  22 

.8 

941.95 

653.66 

.9 

71&60 

.9 

787.40 

.9 

861.77 

.9 

94168 

77.0 

65181 

810 

719.94 

87.0 

788.83 

92.0 

863.33 

97.0 

945.42 

656.06 

.1 

721.28 

.1 

79a  26 

.1 

86189 

.1 

947.17 

657.35 

.2 

722.62 

.2 

79L70 

.2 

86a  46 

.2 

94a  92 

658.62 

.3 

723.96 

.8 

793.14 

.3 

86a  03 

.3 

95a  66 

650.90 

.4 

725.30 

.4 

79158 

.4 

869.61 

.4 

952L44 

661.18 

.6 

725.64 

.6 

796.02 

.5 

871.19 

.5 

95121 

662L46 

.6 

727.98 

.6 

797.46 

.6 

872.77 

.6 

955.98 

663.74 

.7 

729L82 

.7 

796.91 

.7 

87135 

.7 

957.76 

665.02 

.8 

73a  66 

.8 

80a36 

.8 

875.93 

.8 

95a  66 

666.30 

.9 

73X00 

.9 

80L81 

.9 

877.52 

.9 

96L34 

7&0 

667.58 

83.0 

73135 

8&0 

803.26 

98.0 

879.11 

9ao 

963.14 

66&86 

.1 

73170 

.1 

80171 

.1 

880.70 

.1 

96194 

67a  14 

.2 

736.05 

.2 

806.16 

.2 

882.29 

.2 

96a  76 

671.43 

.3 

737.40 

.3 

807.01 

.3 

883.88 

.3 

96a  56 

672L72 

.4 

73a  76 

.4 

80aO7 

.4 

885.48 

.4 

97a  38 

674.01 

.5 

74a  12 

.6 

8ia53 

.6 

887.08 

.6 

972.20 

676u30 

.6 

741.48 

.6 

811.99 

.6 

88a  68 

.6 

97102 

676.50 

.7 

742L84 

.7 

813.46 

.7 

80a29 

.7 

975.85 

677.88 

.8 

74120 

.8 

81192 

.8 

891.90 

.8 

977.58 

679.17 

.9 

745.56 

.9 

816.39 

.9 

893.51 

.9 

979.51 

7».0 

68a  47 

810 

746.92 

80.0 

817.86 

910 

805.12 

99.0 

961.35 

68L77 

.1 

748.29 

.1 

819.34 

.1 

89a  74 

.1 

963.19 

683.07 

2 

749.66 

.2 

82a  82 

.2 

80a36 

.2 

965.08 

684.87 

761.03 

.3 

822.30 

.3 

899.98 

.3 

98a  88 

685.67 

752.40 

.4 

823.79 

.4 

901.61 

.4 

98a  74 

686.97 

753.78 

.5 

825.28 

.5 

903.24 

.5 

99a  60 

688.27 

755.16 

.6 

826.77 

.6 

90188 

.6 

992.47 

689.57 

756.54 

.7 

828.26 

.7 

90a52 

.7 

99135 

69a  88 

757.92 

.8 

829.76 

.8 

90ai6 

.8 

99a  23 

692L19 

75a  30 

.9 

83L26 

.9 

909.81 

.9 

99a  11 

sao 

093.60 

85.0 

76a  69 

9ao 

832L76 

95.0 

91L46 

loao 

1,000.00 
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Table  54. — Master  scale  for  the  gradtuUion  of  hydrometers  to  indicaie  percentage% 
of  ethyl  alcohol  by  volume  at  60^  F, 

[Total  length  of  scale  1,000  mm] 


Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

mm 

mm 

mm 

mm 

mm 

ao 

aoo 

5.0 

27.84 

lao 

52.80 

l&O 

74.47 

2ao 

9190 

.1 

aw 

.  1 

28.37 

.1 

52.76 

.1 

74.80 

.1 

95.80 

.2 

1.16 

.2 

28.90 

.2 

58.22 

.2 

75.81 

.2 

95.70 

.8 

1.78 

.3 

29.43 

.3 

53.68 

.3 

75.78 

.8 

96.10 

.4 

2.31 

.4 

29.96 

.4 

54.14 

.4 

76.15 

.4 

96.60 

.5 

2.89 

.5 

3a  48 

.5 

54.60 

.5 

76.57 

.5 

9a  90 

.6 

3.47 

.6 

31.00 

.6 

65.06 

.6 

76.99 

.6 

07.80 

.7 

404 

.7 

81.51 

.7 

55.52 

.7 

77.41 

.7 

97.70 

.8 

4.62 

.8 

32.02 

.8 

55.98 

.8 

77.83 

.8 

9a  11 

.0 

5.20 

.9 

32.53 

.9 

66.44 

.9 

7a  25 

.9 

9a  51 

LO 

S.78 

6.0 

33.04 

ILO 

56.90 

16.0 

7a  67 

21.0 

9a  92 

.1 

&36 

.1 

33.55 

.1 

57.36 

.1 

79.09 

.1 

99.33 

.2 

6.93 

.2 

34.05 

.2 

57.82 

.2 

79.51 

.2 

99.74 

.3 

7.50 

.3 

34.55 

.3 

58.28 

.3 

79.93 

.3 

ioai5 

.4 

8.07 

.4 

35.05 

.4 

5a  74 

.4 

8a  35 

.4 

ioa50 

.8 

8.64 

.5 

35.56 

.5 

59.20 

.5 

8a  77 

.5 

10a97 

.0 

9.21 

.6 

36.06 

.6 

50.65 

.6 

81.19 

.6 

101.38 

.7 

9.78 

.7 

36.55 

.7 

6a  10 

.7 

81.60 

.7 

10L79 

.8 

ia35 

.8 

37.06 

.8 

60.55 

.8 

82.01 

.8 

102.20 

.9 

ia92 

.9 

37.55 

.9 

61.00 

.9 

82.42 

.0 

102.61 

2.0 

11.49 

7.0 

38.05 

12.0 

61.45 

17.0 

8183 

22.0 

103.02 

.1 

12.05 

.1 

38.54 

.1 

61.90 

.1 

83.24 

.1 

103.43 

.2 

12.61 

.2 

39.03 

.2 

62.35 

.2 

83.65 

.2 

103.84 

.3 

13.17 

.3 

39.52 

.3 

62.79 

.3 

84.06 

.3 

10125 

.4 

13.73 

.4 

40.01 

.4 

63.23 

.4 

84.47 

.4 

10166 

.5 

14.29 

.5 

4a  50 

.5 

63.67 

.5 

84.88 

.6 

105l08 

.0 

14.85 

.6 

4a  96 

.6 

64.11 

.6 

85.28 

.6 

105w50 

.7 

16.41 

.7 

41.46 

.7 

64.55 

.7 

85.69 

.7 

105.92 

.8 

15.97 

.8 

41.94 

.8 

64.99 

.8 

86.09 

.8 

106.34 

.0 

16.52 

.9 

42.42 

.9 

65.43 

.9 

80.49 

.9 

106.76 

8.0 

17.07 

8.0 

4Z89 

13.0 

65.87 

lao 

86.89 

23.0 

107.18 

.1 

17.62 

.1 

43.36 

.1 

66.31 

.1 

87.29 

.1 

107.60 

.2 

18.17 

.2 

43.83 

.2 

66.74 

.2 

87.69 

.2 

ioao2 

.8 

18.72 

.3 

44.30 

.3 

67.17 

.3 

8a  09 

.8 

10a44 

.4 

19.27 

.4 

44.77 

.4 

67.60 

.4 

8a  60 

.4 

10a86 

.5 

19.82 

.5 

45.24 

.5 

68.03 

.6 

8a  90 

.5 

109.28 

.0 

2a  37 

.6 

45.72 

.6 

68.46 

.6 

8a  30 

.6 

109.70 

.7 

2a  91 

.7 

46.20 

.7 

6a  89 

.7 

89.70 

.7 

iiai2 

.8 

21.45 

.8 

46.67 

.8 

60.32 

.8 

90.10 

.8 

iia54 

.0 

21.99 

.9 

47.14 

.9 

6a  75 

.9 

9a  50 

.9 

iiaoo 

4.0 

22.53 

9.0 

47.61 

14.0 

7a  18 

lao 

9a  90 

210 

111.38 

.1 

23.07 

.1 

48.08 

.1 

7a  61 

.1 

91.30 

.1 

111.81 

.2 

23.60 

.2 

48.55 

.2 

71.04 

.2 

91.70 

.2 

112  24 

.3 

24.18 

.3 

4a  02 

.3 

71.47 

.8 

02.10 

.8 

11167 

.4 

24.66 

.4 

49.49 

.4 

71.90 

.4 

92.50 

.4 

113. 10 

.5 

25.19 

.5 

49.96 

.5 

7^33 

.5 

9Z90 

.5 

113.53 

.6 

25.72 

.6 

5a43 

.6 

72.76 

.6 

93.30 

.6 

113.96 

.7 

28.25 

.7 

50.90 

.7 

73.19 

.7 

93,70 

.7 

11139 

.8 

26.78 

.8 

61.37 

.8 

73.62 

.8 

94.10 

.8 

11182 

.9 

27.31 

.« 

51.84 

.9 

74.06 

.9 

9180 

.9 

iiaa6 

S.0 

27.84 

lao 

52.30 

15.0 

74.47 

2ao 

9190 

25.0 

iiaos 

Note.— 8ee  page  62  for  relation  to  proof  spirit. 
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Table  64. — Master  sccde  for  the  graduoHon  of  hydrometers  to  indicate  percentages 
of  ethyl  alcohol  by  volume  at  60°  F, — Continued 


Percent 
alcohol 

Uocth 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

mm 

nun 

mm 

mm 

mm 

2S.0 

11&68 

sao 

13a  27 

310 

16135 

410 

19112 

410 

230.59 

.1 

118.11 

.1 

13a  76 

.1 

16192 

.1 

19179 

231.35 

.2 

118.54 

.2 

139.28 

.2 

16149 

.2 

19146 

23111 

.3 

118.97 

.3 

139.71 

.3 

16a  06 

.3 

197.13 

23187 

.4 

117.40 

.4 

14a  20 

.4 

166.63 

.4 

197.80 

233.63 

.5 

117.83 

.5 

14a  09 

.6 

167.20 

.5 

19147 

23139 

.0 

11&27 

.6 

14L18 

.6 

167.78 

.6 

199.14 

23116 

.7 

iia7i 

.7 

14L67 

.7 

16136 

.7 

199.82 

23193 

.8 

119. 16 

.8 

142.16 

.8 

168.94 

.8 

200.50 

23a  71 

.9 

119.60 

.9 

142.66 

.9 

169.63 

.9 

201.18 

237.49 

20.0 

12a  03 

3L0 

143.14 

810 

17a  12 

4L0 

201.86 

410 

23a  28 

.1 

12a  47 

.1 

143.63 

.1 

17a  71 

.1 

20155 

239.06 

.2 

12a  91 

.2 

14112 

.2 

171.30 

.2 

20124 

239.84 

.3 

121.36 

.3 

14161 

.3 

in.  80 

.3 

203.93 

240.62 

.4 

121.79 

.4 

146. 10 

.4 

172.48 

.4 

20162 

241.40 

.5 

12123 

.6 

145.69 

.6 

17106 

.5 

20131 

24118 

.6 

122.87 

.6 

14a  09 

.6 

17168 

.6 

20100 

24197 

.7 

123.12 

.7 

14a  60 

.7 

17128 

.7 

20170 

24176 

.8 

123.67 

.8 

147. 11 

.8 

17188 

.8 

207.40 

24166 

.9 

12102 

.9 

147.63 

.9 

17148 

.9 

20110 

24134 

27.0 

124.47 

32.0 

14a  16 

37.0 

17108 

410 

20a80 

47.0 

21114 

.1 

12192 

.1 

14a  67 

.1 

17169 

.1 

209.60 

24194 

.2 

126.37 

.2 

149.19 

.2 

177.30 

.2 

2ia20 

247.74 

.8 

126l82 

.8 

149.71 

.3 

177.91 

.8 

2ia90 

24154 

.4 

126.27 

.4 

16a  23 

.4 

17152 

.4 

21L60 

24135 

.5 

126l72 

.5 

16a  76 

.6 

179.13 

.5 

21131 

25116 

.0 

127.17 

.0 

16L27 

.6 

179.75 

.6 

21102 

25197 

.7 

127.62 

.7 

161.79 

.7 

18137 

.7 

21173 

26L79 

.8 

128.07 

.8 

162.31 

.8 

18199 

.8 

21144 

26161 

.9 

128.62 

.9 

162.84 

.9 

181.62 

.9 

21115 

25143 

2&0 

128.98 

83.0 

15137 

810 

18126 

410 

21187 

410 

25125 

.1 

129.44 

.1 

15190 

.1 

18188 

.1 

21169 

25107 

.2 

129.90 

.2 

15143 

.2 

18151 

.2. 

217.31 

25189 

.3 

13a  36 

.8 

15196 

.3 

18114 

.3 

21103 

25171 

.4 

13a  82 

.4 

15160 

.4 

18177 

.4 

21176 

257.53 

.6 

131.28 

.6 

15104 

.6 

18140 

.6 

219.48 

25136 

.0 

131. 74 

.6 

15a  58 

.6 

18103 

.6 

22121 

259.19 

.7 

132.20 

.7 

157. 12 

.7 

186.67 

.7 

22a  94 

26102 

.8 

132.66 

.8 

167.66 

.8 

187.31 

.8 

22L^7 

26185 

.9 

133.12 

.9 

15121 

.9 

187.96 

.9 

22140 

26L69 

28.0 

133.68 

310 

15176 

310 

18a  59 

410 

22114 

410 

26158 

.1 

13104 

.1 

160.31 

.1 

18123 

.1 

22188 

26187 

.2 

13161 

.2 

169.86 

.2 

189.88 

.2 

22162 

26121 

.3 

13196 

.3 

16a42 

.3 

19a  53 

.3 

22136 

26106 

.4 

136.45 

.4 

16a  98 

.4 

19L18 

.4 

22110 

26189 

.6 

13&92 

.6 

161.64 

.6 

191.83 

.5 

22184 

26174 

.0 

13a  89 

.6 

162.10 

.6 

19148 

.6 

227.69 

267.69 

.7 

13a  86 

.7 

162.66 

.7 

19113 

.7 

22134 

26a  44 

.8 

137.33 

.8 

16122 

.8 

19179 

.8 

229.09 

26130 

.9 

187.80 

.9 

16178 

.9 

19145 

.9 

22184 

.  27a  10 

sao 

13a  27 

86.0 

KM.  35 

4ao 

19112 

410 

230.50 

510 

27L02 
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Table  54. — M osier  scale  /or  the  graduaHon  of  hydrameiers  to  iruUeate  percetUages 
of  ethyl  aUohol  by  volume  at  60°  F. — Continued 


PvesDt 
•leobol 

Lenfth 

Peroeot 
alcohol 

Lenfth 

mm 

mm 

MLO 

271.02 

56.0 

316w94 

.1 

27L8S 

.1 

310.88 

.2 

27174 

.2 

317.82 

.3 

273.00 

.3 

3ia70 

.4 

274.47 

.4 

319.70 

.5 

276.34 

.6 

32a  06 

.6 

270.21 

.0 

321.00 

.7 

277.08 

.7 

322L66 

.8 

277.06 

.8 

323.60 

.0 

27&82 

.9 

324.45 

61.0 

270.70 

50.0 

329.40 

.1 

28a  66 

.1 

326.35 

.2 

281.40 

.2 

327.31 

.3 

282L34 

.3 

32&27 

.4 

283.22 

.4 

329.23 

.5 

284.10 

.6 

33a  19 

.6 

284.98 

.6 

331.15 

.7 

286.87 

.7 

332.11 

.8 

280.70 

.8 

333.07 

.9 

287.06 

.9 

334.03 

A2.0 

288.64 

67.0 

334.00 

.1 

289.43 

.1 

336.96 

.2 

29a  32 

.2 

330.92 

.3 

291.21 

.3 

337.89 

.4 

292.10 

.4 

338.87 

.6 

292.99 

.6 

339.85 

.6 

203.89 

.6 

34a  83 

.7 

294.79 

.7 

341.81 

.8 

296.00 

.8 

342.79 

.0 

290.69 

.9 

343.78 

63.0 

297.60 

58.0 

344.78 

.1 

298.41 

.1 

345.78 

.2 

299.82 

.2 

340.78 

.3 

30a23 

.3 

347.78 

.4 

301.14 

.4 

348.78 

.5 

302.06 

.5 

349.78 

.« 

302.90 

.0 

36a  78 

.7 

303.87 

.7 

36L78 

.8 

304.78 

.8 

352.78 

.9 

306.70 

.9 

353.79 

64.0 

308.02 

59.0 

354.80 

] 

307.66 

.1 

356.81 

.2 

808.48 

.2 

36a  82 

.3 

300.41 

.3 

357.84 

.4 

8ia34 

.4 

868.86 

.6 

311.27 

.5 

369.88 

.6 

312L20 

.6 

36a  90 

.7 

318.13 

.7 

30L92 

.8 

314.06 

.8 

302.96 

.9 

316.00 

.9 

863.96 

66.0 

316.94 

aao 

305.01 

Pwoent 
!  alcohol 


oao 

.1 
.2 
.3 
.4 

.6 
.0 
.7 
.8 
.9 

01.0 
.1 
.2 
.3 
.4 
.6 
.0 
.7 
.8 
.0 

02L0 
.1 
.2 
.8 
.4 
.6 
.0 
.7 
.8 
.9 

03.0 
.1 
.2 
.3 
.4 
.5 
.0 
.7 
.8 
.9 

04.0 
.1 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 

65.0 


Leoctb 


30&01 

aoao4 

307.07 

soaio 

30ai3 
37a  16 
371- 20 
372L24 
373.28 
374.32 

37&30 
37a  40 
377.44 
378.40 
379.64 
38a  60 
38L00 
382.72 
383.78 
384.84 

385.91 
38a  98 
388.05 
389.12 
39a  19 
391.26 
392L23 
303.40 
394.47 
395.65 

396.03 
397.71 
398.79 
399.87 
40a95 
402.09 
403.11 
404.19 
406.27 
40a80 

407.46 
40a54 
40a63 
4ia72 
41L81 
412.90 
414.00 
416.10 
4ia20 
417.80 

418.40 


Pwerat 


06.0 
.1 
.2 
.8 
.4 
.5 
.6 
.7 
.8 
.9 

oao 

.1 
.2 
.3 
.4 

.6 
.6 
.7 
.8 
.9 

67.0 
.1 
.2 
.8 
.4 
.5 
.0 
.7 
.8 
.9 

68.0 
.1 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 

6ao 

.1 
.2 
.3 
.4 

.6 
.6 
.7 
.8 
.9 

7a  0 


Leodh 


418.40 
4ia60 
42a  00 
42L71 
422.82 
423.03 
428.05 
42a  17 
427.29 

4aa4i 

42a  54 
43a  67 
43L80 
432.98 
434.06 
43a  19 
43a  32 
437.46 
43a  60 
43a  76 

44a  90 
44106 
443.20 
444.35 
446.60 
44a  66 
447.80 
44a  96 
45a  11 
451.26 

45142 
453.58 
454.74 
455.91 
457.06 
45a  25 
4Sa43 
46a  61 
461.79 
46198 

464.17 
465.36 
46a  66 
467.74 
46a  93 
47a  12 
471.81 
47160 
473.70 
474.90 

47a  10 


alcohol 


7ao 

.1 
.2 
.3 

.4 

.6 
.0 
.7 
.8 
.9 

7L0 
.1 
.2 
.3 

.4 

.6 
.6 
.7 
.8 
.9 

710 
.1 
.2 
.3 
.4 
.6 
.0 
.7 
.8 
.9 

73.0 
.1 
.2 
.3 
.4 
.6 
.6 
.7 


74.0 
.1 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 

75.0 


LcDSth 


47a  10 
477.31 
47a  53 
47a  73 
48a  94 
4S116 
48130 
484.57 
48a  78 
487.00 

48a  22 
480.46 
49a  66 
49L91 
49114 
494.37 
49a  00 
49a  84 
49a  06 
499.32 

soaM 

50L80 
50106 
504.30 
50&56 
60a83 
50a06 
50134 

5iaoo 

61L86 

51113 
514.40 
5ia07 
6ia04 
51121 
51148 
52a  76 
62104 
52132 
524.60 

52a  89 
527.18 
52147 
629.76 
53L05 
63134 
633.63 
534.92 
63a  21 
537.51 

63a  81 
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Table  64. — Master  scale  for  the  gradtuUian  oj  hydrometers  to  indicate  percentages 
of  ethyl  alcohol  by  volume  at  60^  F. — Continued 


Percent 
alcohol 

Le&gth 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

Percent 
alcohol 

Length 

mm 

mm 

mm 

mm 

mm 

75.0 

538.81 

oao 

007.33 

85.0 

682L71 

9ao 

767.67 

95.0 

868.34 

.1 

54a  12 

.1 

608.77 

684.31 

.1 

76a  50 

.1 

87a  60 

.3 

541.43 

.2 

6ia21 

685.91 

.2 

771.33 

872L87 

.3 

542.74 
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ELECTRICAL  MEASURING  mSTRUlIENTS 

This  Circtilar  supersedes  the  first  edition  of  Circular  No.  20,  issued 
October  i,  1909.  Sections  2  to  5,  inclusive,  in  the  first  edition  dealt  with 
regulations,  instructions,  and  fees  for  electrical  tests  made  by  this  Bureau. 
These  matters  are  now  the  subject  of  a  separate  publication,  namely. 
Circular  No.  6  of  the  Bureau  of  Standards. 

S.  W.  Stratton, 

Director. 
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I.  INTRODUCTION 

The  object  of  this  circular  is  to  present  briefly  the  fundamental  prin- 
ciples underl)dng  the  construction  and  operation  of  commercial  electrical 
measuring  instnunents,  together  with  such  information  concerning  the 
advantages  and  limitations  of  the  various  types  of  instruments  as  will 
assist  the  user  in  the  determination  of  the  general  type  best  suited  to  a  given 
ptUT)ose. 

The  question  of  sources  of  error  has  been  treated  in  some  detail,  with  a 
threefold  purpose:  First,  to  suggest  how  some  errors  may  be  avoided; 
second,  how  corrections  may  be  made  for  known  sources  of  error;  and  third, 
to  furnish  suggestions  which  will  assist  those  who  have  to  specify  instrument 
performance  or  to  select  instnunents. 

In  view  of  the  increasing  number  of  central  stations,  public-service 
commissions,  and  colleges  which  are  equipping  testing  rooms  for  the  main- 
tenance of  electrical  standards  and  the  precision  checking  of  electrical 
instruments,  some  space  has  been  given  to  a  discussion  of  the  apparatus 
which  seems  best  suited  for  use  in  such  laboratories. 
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While  it  is  not  the  purpose  of  this  circular  to  treat  in  detail  the  design 
of  electrical  instruments,  some  points  of  design  of  more  than  ordinary  in- 
terest and  importance  to  the  user  are  briefly  discussed. 

Electrical  measming  instruments  may  be  classified  as  indicating,  inte- 
grating, and  recording.  Indicating  instruments  either  give  directly  the 
value  of  an  electrical  quantity  at  the  time  of  observation,  or  may  be  so  bal- 
anced or  manipulated  as  to  give  such  a  value.  Integrating  electrical  in- 
struments take  account  of  time,  as  well  as  of  the  electrical  quantity.  For 
example,  a  watthour  *  meter  gives  a  reading  proportional  to  the  product  of  the 
average  power  and  the  time,  or,  in  other  words,  to  the  energy  that  has 
passed  tiirough  it.  Recording  instruments,  properly  so  called,  draw  a 
curve  or  other  graphic  record  showing  the  variation  of  an  electrical  quan- 
tity with  time. 

Electrical  instruments  may  be  otherwise  classified,  according  to  con- 
struction and  method  of  use,  into  switchboard,  portable,  and  semiportable 
or  laboratory  types.  They  may  also  be  divided  into  the  three  following 
classes,  namely,  those  capable  of  service  on  direct  current  only,  those  which 
may  be  used  on  direct  cturent  and  on  alternating  current,  and  those  which 
operate  on  alternating  cxurent  only. 

While  the  word  ** instrument"  is  a  general  term  which  may  properly 
include  indicating,  integrating  and  recording  devices,  there  is  a  tendency  ' 
to  restrict  its  use  to  indicating  devices  and  to  recording  (graphic  or  curve 
drawing)  devices.  Integrating  devices  are  then  denoted  by  the  word 
"meter." 

II.  INDICATING  ELECTMCAL  INSTRUMENTS 

1.  JNSTRUMENTS  OPERATING  ON  DIRECT  CURRENT  ONLY 

(a)  Principle  of  Operation. — Many  types  of  instruments  have  been 
devised  for  the  measurement  of  direct  current  and  voltage,  but  the  pivoted 
moving-coil,  permanent-magnet,  direct-reading  instrument  has  found  the 
widest  application.  It  consists  of  a  light  coil  free  to  turn  in  the  field 
of  a  fixed  permanent  magnet.  The  latter  is  usually  provided  with  soft- 
iron  pole  pieces  and  a  cylindrical  iron  core  in  order  to  give  a  tmiform 
radial  field  in  which  the  coil  moves.  The  motion  of  the  coil  is  opposed 
by  a  counter  force,  usually  that  of  two  flat  spiral  springs  which  also 

>  The  watthour  meter  has  been  variously  deagnated  by  the  tenns  "  recording  wattmeter,"  "  integrating  wattmeter." 
or  "wattmeter."  These  terms  are  aU  open  to  objection,  the  last  named  being  espedaUy  so.  In  recent  years  the  uie  ii 
the  term  "watthour  meter"  has  been  standardised. 

*  Handen,  Gen.  Blec.  Rev..  IS,  p.  474*.  X909* 
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serve  to  carry  the  current  to  and  from  the  coil.  Smce  the  deflectmg 
torque  is  proportional  to  the  product  of  the  (constant)  field  strength  and 
the  current  in  the  coil,  and  the  counter  torque  of  the  springs  is  approximately 
proportional  to  the  angle  through  which  the  coil  has  turned  from  the  initial 
position,  it  follows  that  the  deflection  will  be  approximately  proportional 
to  the  ciuxent  strength;  that  is,  the  scale  will  be  imiform.  The  scale  may 
be  marked  to  read  the  values  of  ciuxent  strength  corresponding  to  various 
deflections.  The  coil  is  wound  on  a  thin  metal  frame,  usually  of  aluminum, 
and  the  eddy  ciurents  set  up  in  this  frame  by  its  motion  in  the  magnetic 
field  tend  to  bring  it  to  rest.  By  proper  design  the  motion  of  the  moving 
system  may  be  made  aperiodic  (dead  beat).  It  is  to  be  noted  that  this 
instrument  always  measures  the  strength  of  current  m  its  moving  coU; 
that  is,  it  acts  as  an  ammeter.  To  apply  it  to  other  measiurements,  some 
known  relation  must  exist  between  the  cmrent  in  the  coil  and  the  quantity 
to  be  determined. 

(6)  Direct-Current  Ammeters. — Since  the  spua^  spnngs  will  carry 
only  a  small  cturent  (a  fraction  of  an  ampere) ,  the  use  of  the  simple  instru- 
ment just  described  is  limited  to  the  measurement  of  relatively  small 
currents.  When  larger  ciurents  are  to  be  measured,  use  is  made  of  a  shunt, 
that  is,  a  low  resistance  connected  in  parallel  with  the  instrument. 

Self-contained  ammeters  have  the  shunt  mounted  within  the  instru- 
ment and  are  used  only  for  moderate  ctuxents.  For  larger  cturents  a  sepa- 
rate shunt  may  be  inserted  in  the  circuit  with  no  extra  expense  for  heavy 
conductors;  small  conductors  then  connect  the  shtmt  and  the  instrument. 
The  above  statements  apply  both  to  switchboard  and  to  portable  ammeters. 
As  the  latter  are  usually  required  to  give  more  accurate  results  than  the 
former,  the  use  of  a  separate  shunt  is,  in  this  case,  of  fiuther  advantage,  in 
that  the  heat  developed  in  the  shunt  does  not  change  the  temperattu-e  of 
the  instnunent,  and  the  magnetic  field,  due  to  the  main  current,  may  be 
prevented  from  altering  the  magnetic  field  in'  which  the  coil  moves. 

(c)  Direct-Current  Voi^tmeters. — Instead  of  connecting  a  shunt 
across  the  terminals  of  the  instnunent,  a  relatively  high  resistance  may  be 
connected  in  series  with  the  moving  coil,  this  resistance  being  adjusted 
until  a  certain  voltage,  say  150  volts,  produces  the  ciuxent  necessary  for 
full-scale  deflection.  The  instrument  thus  becomes  a  voltmeter,  and  its 
scale  may  be  marked  to  read  the  voltage  at  its  terminals.  A  multiple- 
range  voltmeter  has  one  or  more  taps  brought  out  from  intermediate  points 
on  the  series  resistance.  When  voltages  higher  than  the  maximum  must 
71900^—15 — 2 
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be  measured,  external  resistance  boxes,  called  multipliers,  are  used.  Thus, 
a  voltmeter  for  o  to  150  volts,  whose  resistance  is  15  000  ohms,  will  require 
an  additional  15  000  ohms  in  the  multiplier  in  order  to  measure  up  to  300 
volts. 

(d)  Some  Details  ok  Design. — In  principle,  the  ammeter  and  volt- 
meter of  this  type  differ  only  in  method  of  use.  In  practice,  however,  some 
differences  of  design  are  necessary.  Since  a  voltmeter  shotdd  draw  as  little 
current  as  possible  from  the  circuit  to  which  it  is  connected,  the  moving 
coil  of  the  voltmeter  is  wound  with  a  relatively  large  number  of  turns  of 
fine  wire,  so  that  the  ampere-turns  required  for  full-scale  deflection  may  be 
had  with  a  small  current  and  the  resistance  of  the  voltmeter  may  be  large. 
The  moving-coil  ammeter  must  give  full-scale  deflection  with  a  relatively 
small  voltage  •  at  its  terminals.  This  requirement  is  met  by  winding  the 
moving  coil  with  relatively  coarse  wire,  or  with  several  wires  in  parallel, 
so  that  the  necessary  ampere-turns  may  be  had  when  a  relatively  low  voltage 
is  applied  to  the  coil.  To  assist  in  reducing  this  voltage,  it  is  also  customary 
to  use  a  smaller  number  of  ampere-turns  than  in  voltmeters,  thereby  de- 
creasing the  torque  and  making  it  necessary  to  use  springs  weaker  than 
those  used  in  voltmeters  of  similar  design. 

Since  the  resistance  of  a  millivoltmeter  is  low,  the  resistance  of  the 
springs  may  be  appreciable  compared  with  the  coil  resistance.  It  is, 
therefore,  usual  to  make  the  springs  of  special  alloy  having  high  conductivity. 
The  elastic  properties  of  some  of  these  special  alloys  are  inferior  to  those  of 
the  phosphor  bronze  commonly  used  for  voltmeter  springs.  The  springs 
used  in  millivoltmeters  are  usually  of  the  minimum  strength  consistent 
with  good  performance  as  regards  frictional  errors. 

In  order  to  reduce  the  temperatiu-e  error  of  shunted  ammeters  it  is 
necessary  to  wind  the  moving  coil  to  give  ftdl-scale  deflection  with  a  voltage 
applied  to  its  terminals,  which  is  only  a  fraction  *  of  the  full-load  drop  on 
the  shunt. 

2.  INSTRUMENTS  OPERATING  ON  DIRECT  AND  ON  ALTERNATING  CURRENTS 

Instruments  for  use  on  direct  and  on  alternating  currents  may  be 
divided  into  four  types,  namely,  moving-iron,  electrodynamometer,  elec- 
trothermal, and  electrostatic. 

*  The  power  lost  in  an  ammfrfr  shunt  is  equal  to  EI,  where  E  is  the  voltage  at  its  terminals  and  /  is  the  carrent  to  be 
measured.    To  keep  down  this  loss,  as  well  as  the  weight,  size,  and  cost  ci  the  shunt,  E  must  be  kept  low. 

*  For  a  further  ditnisiion  of  this  matter,  see  p.  31. 
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(a)  Moving-Iron  Instruments,  General. — Of  these  four  types,  the 
moving-iron  *  type  has  found  the  widest  conunercial  application.  Anuneters 
of  this  type  may  be  divided  into  two  main  classes:  First,  movable-core 
(plmiger)  instruments,  in  which  an  iron  core  is  drawn  into  a  coil  when  the 
cwrreat  flows  through  the  coil;  second,  those  instruments  in  which  a  mova- 
ble iron  piece  and  one  or  more  fixed  iron  pieces  are  located  within  the  coil, 
the  usual  construction  being  that  in  which  the  movable  iron  is  repelled  by 
the  fixed  iron.  Early  instruments  of  the  moving-iron  type  were  constructed 
with  heavy  iron  cores  (sometimes  solid  rods;  in  other  cases  heavy  bundles 
of  wires  or  strips)  the  length  of  which  was  comparable  with  the  length  of 
the  solenoid  into  which  they  were  drawn.  The  theory  of  such  instruments 
is  now  better  understood,  and  it  is  now  known  that  these  instnunents  were 
tmsuitable  for  accurate  measurements.  The  quantity  of  iron  shotdd  be 
small,  and  the  length  of  the  path  of  the  magnetic  lines  in  the  iron  should  be 
small  compared  with  the  length  of  the  path  in  air. 

The  iron  should  have  low  hysteresis,  high  permeability,  and  high 
specific  resistance.  These  qualities  are  possessed  in  marked  degree  by  the 
silicon-steel  sheets  now  used  for  the  best  transformers.  In  addition,  the 
design  should  be  such  that  the  iron  is  not  used  near  magnetic  saturation, 
as  a  moving-iron  ammeter  with  nearly  saturated  core  tends  to  give  readings 
proportional  to  the  average  value  of  an  alternating  current  instead  of  the 
eflfective  (square  root  of  mean  square)  value  which  is  almost  always  desired. 

In  the  so-called  inclined-coil  instrument  several  pieces  of  sheet  iron 
are  carried  on  a  pivoted  shaft  within  the  coil.  When  cinrent  flows  through 
the  coil,  the  plates  ttun  so  as  to  be  more  nearly  parallel  to  the  axis  of  the 
coil.  This  is  virtually  a  variation  of  the  movable-core  (plunger)  instrument 
just  described. 

(6)  Moving-Iron  Ammeters. — Properly  designed  and  well  made 
moving-iron  ammeters,  such  as  are  now  available,  are  only  slightly  affected 
by  large  changes  of  frequency,  wave  form,*  and  temperature.  On  direct 
current  the  readings  depend  slightly  on  the  direction  of  the  current  through  the 

^  Often  designated  by  the  terms  "soft-iron"  and  "electromagnetic."  The  latter  term  is  not  used  in  the  same  sense 
by  aU  irriters;  for  example,  one  writer  classes  Dermanent-magnet  moving-coil  and  also  induction  instraments  under  this 
head.  The  term  "  soft-iron  "  is  also  somewhat  ambiguous;  for  example,  an  induction  instrument  contains  a  large  amount 
ol  soft  iron. 

*  An  article  by  Benischke  in  the  Blektrotedmiscfae  SSeitschrift  (vol.  aa,  p.  301,  1901)  has  been  frequently  quoted  ai 
showing  that  moving-iron  ammeters  and  voltmeters,  though  practically  independent  of  frequency,  are  seriously  affected 
fay  Micli  d^MUtures  from  the  sine  wave  form  as  are  met  in  practice.  While  his  results  were  doubtless  correct  for  the  old 
and  badly  designed  instruments  he  tested,  the  best  modem  instruments  show  only  a  few  tenths  ci  i  per  cent  change  for 
M  large  variations  in  wave  form  as  would  be  found  in  good  practice. 
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coil  and  upon  the  value  and  direction  of  the  current  in  the  preceding  read- 
ings. The  error  due  to  this  cause  may,  in  a  good  instrument,  be  imder  i 
per  cent  of  the  full-scale  reading. 

(c)  Moving-Iron  Vowmeters. — ^These  voltmeters  have  in  general  a 
higher  time  constant  (ratio  of  inductance  to  resistance)  than  voltmeters  of 
the  same  range  made  on  the  electrodynamometer  principle.  They  are 
thus  more  affected  by  change  of  frequency,  but  in  general  this  effect  is 
small  over  the  commercial  range  of  frequencies  used  for  lighting  and  power. 
In  special  cases,  such  as  the  use  on  500  cycles  of  a  moving-iron  voltmeter 
calibrated  at  60  cycles,  the  correction  can  be  calculated  if  the  inductance 
and  resistance  of  the  voltmeter,  as  well  as  the  frequency,  are  known.  If 
a  well-made  moving-iron  voltmeter  is  correct  at  some  definite  frequency 
(say,  60 cycles),  the  ordinary  variations  of  frequency  of  commercial  circuits 
will  have  no  appreciable  effect  on  the  reading. 

(d)  Electrodynamometer  Instruments,  General. — ^This  type  of 
instrument  is  of  great  importance,  especially  from  the  laboratory  point  of 
view.  The  operation  of  these  instruments  depends  upon  the  force  exerted 
by  one  current-carrying  circuit  upon  another,  or  by  a  portion  of  one  circuit 
upon  another  portion  of  the  same  circuit.  Instruments  of  this  type  usually 
contain  one  or  more  fixed  coils  within  which  is  arranged  a  moving  coil  or 
system  of  coils,  with  provision  for  passing  current  through  them.  If  the 
two  sets  of  coils  are  connected  in  series  and  a  current  is  passed  through 
them,  the  torque  exerted  upon  the  moving  system,  for  a  given  relative 
position  of  the  coil  systems,  is  proportional  to  the  square  of  the  current 
strength  and  is  not  dependent  upon  the  direction  of  the  current.  When 
provided  with  a  spring  or  other  suitable  counter-force  such  an  apparatus 
constitutes  an  ammeter  which  is  equally  correct  on  direct  current  and  on 
alternating  or  pulsating  cturent  of  any  frequency '  or  wave  form. 

The  importance  of  this  type  of  instrument  is  due  partly  to  its  inherent 
accuracy  on  these  various  kinds  of  current  and  partly  to  its  adaptability, 
as  it  may  be  made  up  as  an  ammeter,  voltmeter,  wattmeter,  power-factor 
meter,  or  phase  meter.  Several  other  special  applications  of  the  principle 
are  also  used. 

"*  This  aygitnfs  that  no  diange  takes  place  in  the  distribution  of  the  current  over  the  cross  section  of  the  wire.  With 
thidc  wires  and  high  frequendes  the  current  will  be  unequally  distributed  over  the  cross  section,  and  the  reading  of  the 
instrument  for  a  given  current  will  vary  somewhat  with  the  frequency.  It  is  also  assumed  that  there  are  no  masses  of 
metal  near  the  coils,  as  the  eddy  currents  induced  in  such  masses  would  produce  magnetic  fields,  whidi  would  mmhinf 
with  the  field  due  to  the  fixed  coib  and  would  thus  introduce  errors  in  the  indications  of  the  instrument.  With  fiae  wire 
cdls  used  at  high  frequendes  the  displacement  (capadty)  currents  between  layers  also  introduce  an  error. 
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Since  the  ftmdamental  electrical  standards  involve  direct  current,  and 
a  large  number  of  electrical  instruments  which  are  used  on  alternating 
current  can  not  be  tested  with  direct  current,  there  is  a  need  for  ''transfer 
instruments"  which  can  be  checked  on  direct  current  and  which  have 
errors  that  are  negligible,  or  else  small  and  determinable,  on  alternating 
current.  The  electrodynamometer  type  is  especially  valuable  for  this 
purpose,  and  transfer  instruments  of  this  type  are  used  at  the  Btu-eau  of 
Standards.  The  electrostatic  type  is  also  used  to  some  extent  abroad.  In 
special  cases  this  type  has  some  advantages,  but  for  commercial  lighting  and 
power  frequencies  the  electrodynamometer  instrtunent  has  the  advantage 
of  more  rapid  and  convenient  working  and  of  being  less  affected  by 
vibration. 

(e)  ElrECTRODYNAMOMETER  AMMETERS. — In  an  electrodynamometer 
ammeter,  having  the  fixed  coil  and  the  moving  coil  in  series,  and  using 
spiral  springs  to  carry  the  cturent  into  and  out  of  the  moving  coil,  the 
carrying  capacity  of  the  springs  limits  the  current  to  a  small  value,  usually 
much  less  than  i  ampere.  In  the  Siemens  electrodynamometer,  the  earliest 
instrument  of  this  type,  the  cturent  is  taken  into  and  out  of  the  moving  coil 
by  mercury  cups,  into  which  dip  the  ends  of  the  moving  coil.  In  the 
Kelvin  balance,  the  axis  about  which  the  moving  coil  tiuns  is  horizontal, 
and  ligaments  of  fine  wire  are  used  as  supports  and  conductors. .  Both  of 
these  instruments  have  done  good  service  in  the  laboratory,  but  they  are 
slow  and  inconvenient  to  use  and  require  that  the  cturent  to  be  measured 
be  quite  steady.  The  readings  of  Kelvin  balances  change  appreciably  due 
to  heating  at  or  near  rated  load,  and  the  larger  sizes  have  frequency  errors 
i^hich  are  greater  the  larger  the  ampere  capacity. 

A  modification  of  the  Kelvin  balance  is  made  in  this  country  by  pivot- 
ing the  moving  system  and  using  the  counter-torque  of  a  large  spiral  spring 
instead  of  gravity. 

By  connecting  the  fixed  coil  and  the  pivoted  moving  coil  in  parallel 
the  electrodynamometer  ammeter*  may  be  made  portable  and  easy  to 
operate.  The  moving  coil  carries  only  a  small  fraction  of  the  current.  It 
is  essential  that  the  percentage  of  the  current  which  passes  through  the 
moving  coil  shotild  be  constant  (within  negligible  limits)  on  all  the  fre-*' 
quencies  for  which  the  instrument  is  to  be  used  and  at  all  working  tempera-j 
ttues.     This  requires  that  the  time  constants  of  the  two  coils  should  be 

(  Such  fautniments  are  made  by  several  foreign  makers;  at  this  writing,  April,  1915.  electrodynamometer  ammeters 
ol  a  new  design  are  being  put  on  the  market  by  an  American  maker. 
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equal  and  their  temperature  coefficients  also  equal.  Both  these  objects 
are  attained  more  or  less  completely  by  adding  noninductive  resistance  of 
low  temperature  coefficient  to  each  coil,  thus  reducing  both  the  time  constant 
and  the  temperature  coefficient  of  each  circuit.  If  these  temperature 
coefficients  are  made  equal,  the  division  of  the  ciurent  between  the  two  coils 
will  depend  only  upon  any  temperatxu-e  difference  that  may  exist  between 
them.  A  well-made  ammeter  of  this  type  may  be  checked  on  direct  current 
(using  the  mean  of  reversed  readings)  and  used  as  a  transfer  instrument  in 
the  checking  of  alternating-current  ammeters.  Such  transfer  instruments 
may  be  much  more  rapidly  operated  than  Kelvin  balances;  they  are  less 
expensive,  and  the  accuracy  of  the  results  will  probably  be  at  least  equally 
good. 

(/)  E1.ECTRODYNAMOMETER  Voltmeters. — ^This  voltmeter  has  both  its 
fixed  coil  and  its  moving  coil  woxmd  with  moderately  fine  wire.  These  coils 
are  connected  in  series  with  each  other  and  with  a  noninductive  resistance 
of  low  temperature  coefficient.  This  resistance  reduces  the  time  constant 
to  a  small  value,  so  that  well-made  instnunents  of  this  type,  for  the  usual 
commercial  voltages,  may  be  calibrated  on  direct  ciurent  and  used  on 
alternating-current  circuits  with  a  practically  negligible  error.  Good 
voltmeters  of  this  type  are  thus  suitable  transfer  instruments  for  use  in 
checking  working  voltmeters. 

(g)  Electrodynamometer  Wattmeters. — ^The  electrodynamometer 
wattmeter  is  an  instrument  of  great  commercial  importance.  It  is  used  to 
meastne  power  in  altemating-ciurent  circuits,  and  is  the  most  suitable 
instrument  •  for  testing  altemating-cturent  watthour  meters. 

The  wattmeter  has  a  fixed  coil  wound  with  relatively  coarse  wire  and 
brought  out  to  two  terminals  by  means  of  which  it  may  be  connected  in 
series  with  the  portion  of  the  circuit  in  which  the  power  constunption  is  to  be 
measured.  The  magnetic  field  set  up  by  the  fixed  coil  will  be  proportional 
to  the  current  strength.  The  moving  coil  is  of  fine  wire  and  has  a  large 
noninductive  resistance  in  series  with  it;  this  constitutes  the  voltage  circuit, 
and  is  connected  across  the  line.  The  torque  exerted  upon  the  moving  coil 
at  any  instant  is  proportional  to  the  product  of  the  ciurents  in  the  two  coils, 
and  the  instrument  measures  the  power  in  the  circuit.  While  the  power 
taken  by  an  noninductive  load,  such  as  incandescent  lamps,  may  be  found 
even  with  alternating  current  by  multiplying  the  current  by  the  voltage,  it 

*  This  does  not  refer  to  the  testing  of  small  alternating-current  service  meters  in  position,  for  whldi  the  use  ol  a  good 
(portable  watthour  meter  (so-called  rotating  standard)  is  probably  the  most  convenient  method.  Portable  mtthoor 
Wters.  however,  should  be  checked  very  frequently,  and  for  this  purpose  the  wattmeter  is  useful. 
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becomes  necessary  to  use  a  wattmeter  when  altemating-ctirrent  power  is  to 
be  measured  in  circuits  where  the  power  factor  is  below  imity  and  is  not 
known. 

Before  the  advent  of  well-designed  and  accurate  portable  wattmeters, 
use  was  made  of  the  three-voltmeter  method  and  the  three-ammeter 
method  for  measuring  power.  Although  still  presented  in  some  textbooks, 
and  of  some  value  for  teaching  principles,  these  latter  methods  are  not  of 
commercial  importance  to-day.  In  some  exceptional  cases  of  laboratory- 
work  they  may  prove  useful. 

(A)  Electrothermai.  Instruments,  Generai.. — Instruments  of  this 
type  depend  upon  the  heating  of  a  conductor  by  the  passage  of  a  current 
through  it.  In  most  commercial  instnmients  on  this  principle  the  expan- 
sion of  a  heated  wire  is  used  to  operate  a  pointer. 

{%)  Hot- Wire  Voltmeters. — In  one  of  the  earliest  of  hot-wire  volt- 
meters (the  Cardew)  a  fine  platintun-silver  wire  was  used,  of  such  a 
length  that  it  could  be  connected  across  a  no-volt  circuit  without  any 
series  resistance.  The  necessity  of  accommodating  such  a  length  of  wire 
caused  the  instrument  to  be  bulky ;  it  has  now  almost  disapp>eared  from  use. 
The  more  modem  instruments  of  the  hot-wire  type  have  a  working  wire 
15  or  20  cm  (6  or  8  inches)  in  length.  This  wire  is  of  small  diameter  in  a 
voltmeter  and  has  a  considerable  amount  of  added  resistance  in  series. 

(j)  Hot- Wire  Ammeters. — In  the  hot-wire  ammeter  the  working  wire 
is  of  larger  diameter;  in  all  but  low-range  tmshunted  ammeters  the  wire 
is  electrically  divided  by  silver  tap-off  strips  into  several  sections  which  are 
connected  in  parallel,  to  reduce  the  required  drop  in  the  shunt.  Above  say 
5  amperes,  shunts  are  used,  except  for  high-frequency  work. 

{k)  High-Frequency  Ammeters.** — ^For  very  high  frequencies,  such 
as  are  used  in  radiotelegraphy,  shunted  hot-wire  ammeters  are  by  no 
means  reliable,  as  for  such  frequencies  the  effective  resistance  of  the 
shunt  is  much  greater  than  for  direct  (or  low-frequency)  current,  and  the 
time  constants  of  shxmt  and  instrument,  which  ought  to  be  equal  for  inde- 
pendence of  frequency,  may  be  very  different.  Ammeters  which  are  free 
from  this  objection  have  been  placed  on  the  market  in  the  last  few  years. 
In  the  hot-strip  ammeter  "  a  ntunber  of  thin  alloy  strips  are  arranged  in  a 
symmetrical  manner  so  as  to  avoid  change  of  current  distribution  with 
change  of  frequency.  The  expansion  of  one  of  these  strips  is  used  to 
operate  the  pointer. 

>*  See  paper  on  this  tubject  by  Dellinger.  Bulletin  of  the  Bmeau  of  Standards,  10,  p.  91. 1913;  Scientific  Paper  No.  906, 
u  Haitnuum-Kcmpf,  Blektrotechnische  Zs.,  SS,  p.  XZ34.  Z9zi;  also  Jahrbuchder dnthtloten  Telegraphie.  6*  p.  sir,  Z9za« 


Digitized  by 


Google 


14  Circular  of  the  Bureau  of  Standards 

(/)  HoT-WiRE  Wattmeters. — ^A  hot-wire  wattmeter,  made  to  some 
extent  abroad,  is  used  to  measm-e  the  power  taken  by  a  load,  either  induc- 
tive or  noninductive.  This  wattmeter  has  two  working  wires  joined  in 
series  and  connected  in  parallel  with  a  current  shunt  which  is  inserted  in 
one  line  of  the  two-wire  circuit  in  which  the  power  is  to  be  measured.  The 
point  of  junction  of  the  two  hot  wires  is  connected  through  a  series  resist- 
ance to  the  other  line  wire.  The  difference  of  expansion  of  the  two  wires 
is  proportional  to  the  power  in  the  circuit,  and  actuates  the  pointer. 

In  a  modification  of  this  hot-wire  wattmeter  a  switch  is  provided  by 
means  of  which  the  connections  may  be  altered  so  as  to  give  in  succession 
the  watts,  volts,  and  amperes  of  the  load. 

The  hot-wire  "wattmeter"  used  in  radiotelegraphy  is  an  imshimted 
hot-wire  ammeter  whose  scale  is  not  marked  in  amperes,  but  in  terms  of 
the  power  absorbed  by  the  instrument  itself.  A  more  logical  name  for 
this  instrument  is  desirable;  the  expression  "current-square  meter"  has 
been  suggested. 

(m)  Thermocouple  Ammeters. — ^Another  class  of  electrothermal  in- 
struments depends  upon  thermal  electromotive  forces.  As  an  illustration 
may  be  mentioned  the  Duddell  thermoammeter,  in  which  the  heat  produced 
by  the  passage  of  the  current  through  a  suitable  heating  coil  acts  upon  a  ther- 
mojunction  in  a  loop  of  wire  which  constitutes  the  moving  coil  of  a  permanent- 
magnet  direct-current  instrument.  The  use  of  thermojunctions  arranged 
to  be  heated  by  the  cturent  to  be  measured,  the  thermocturent  operating  a 
galvanometer,  is  a  method  which  is  employed  in  various  forms  in  laboratory 
work. 

(n)  Advantages  and  Defects  of  Hot- Wire  Instruments. — ^The 
hot-wire  instrument  is  not  used  in  this  cotmtry  to  any  extent  in  lighting 
and  power  plants.  Its  defects  are  relatively  large  consiunption  of  power, 
imcertainty  of  zero,  errors  due  to  change  of  surrotmding  temperature,  and  to 
heating  when  left  in  circuit.  As  the  working  wire  must  be  run  at  a  fairly 
high  temperature  to  give  proper  sensitivity,  it  is  easily  damaged  by  sudden 
overloads,  which  would  do  little  or  no  damage  to  other  forms  except  the 
possible  bending  of  a  pointer.  The  good  features  of  the  hot-wire  instrtunent, 
"which  cause  it  to  be  still  used  for  certain  classes  of  work,  are  its  relative 
independence  of  frequency,  wave  form,  and  stray  magnetic  fields;  the  fact 
that  it  may  be  checked  with  direct  current,  and  that  shunts  may  be  used 
with  the  ammeter  for  alternating  cturent  of  the  usual  lighting  and  power 
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frequencies.  For  use  in  the  laboratory  with  unusual  frequencies  or  wave 
forms,  and  where  facilities  are  at  hand  for  checking  with  direct  current, 
the  hot-wire  instnunent  has  some  marked  advantages. 

(o)  Use  op  Platinum-Iridium  in  Hot- Wire  Instruments." — ^A 
recent  improvement  in  hot-wire  instnunents  consists  in  the  substitution 
of  platinum-iridium  alloy  for  the  platinum-silver  which  had  previously 
been  generally  used.  The  act^al  expansion  of  a  given  lengfth  of  platinum- 
iridiimi  wire  per  degree  rise  of  temperattu-e  is  less  than  that  of  a  platinum- 
silver  wire  of  equal  length.  However,  the  platinum-iridium  wire  may  be 
run  at  a  much  higher  temperattu-e,  giving  a  greater  expansion  of  the  wire 
as  used.  The  platinum-iridium  wire  is  also  much  stronger,  and  can  be 
used  in  finer  sizes,  thus  reducing  the  current  required  by  voltmeters,  and 
making  them  much  less  sluggish  in  following  changes  of  voltage. 

(/>)  Electrostatic  instruments. — Instruments  of  the  electrostatic 
type  depend  upon  the  attraction  of  oppositely  charged  bodies  and  the  repul- 
sion of  similarly  charged  ones.  As  these  forces  are  relatively  small,  such 
instruments  can  not  well  be  made  as  ammeters,  and  in  fact  it  is  diflBcult  to 
construct  satisfactory  voltmeters  on  this  principle  for  the  ordinary  no- volt 
range.  The  great  advantage  of  this  type  of  voltmeter  is  that  it  takes  no 
cturent,  when  used  on  direct-current  circuits,  and  an  extremely  small 
cinrent  when  used  on  alternating-current  circuits.  It  is  not  afifected  by 
frequency  changes,  wave  form,  or  stray  magnetic  field.  It  has  the  defect 
of  small  ratio  of  torque  to  weight  of  moving  parts,  so  that  frictional  errors 
are  hard  to  avoid.  For  this  reason,  low-range  instruments  of  this  type 
are  usually  made  with  a  suspension  strip  or  wire  in  place  of  pivot  and  jewel 
bearings. 

While  these  instruments  are  used  abroad  to  some  extent,  in  this  coimtry 
they  find  little  use  except  in  the  laboratory.  The  electrostatic  ground 
detector  operates  on  the  same  general  principle  as  the  electrostatic  volt- 
meter. Wattmeters  may  be  constructed  on  the  electrostatic  principle,*'  but 
they  are  too  delicate  for  any  but  laboratory  use.  Such  wattmeters  are  of 
value  in  some  special  applications;  for  example,  in  determining  the  power 
losses  in  insulating  materials  xmder  electrical  stress. 

»  Hartmann-Kempf,  Elektrotechnische  Zs.»  81,  p.  369;  19x0. 

^1  Electrostatic  Method  for  the  Measiuemcnt  of  Power,  by  Patterson,  Rayner.  and  Kinnes,  J.  Inst.  Elec.  Enf..  61» 
p.  394;  X913. 
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3.  mSTRUMBNTS  OPERATING  ON  ALTERNATING  CURRENT  ONLY. 

(a)  Induction  Instruments. — ^These  instruments  have  a  fixed  core  of 
laminated  iron  woimd  with  one  or  more  coils  of  wire,  and  a  moving  element, 
usually  a  metal  disk  or  cup,  which  is  pivoted  to  move  in  the  air  gap  of  the 
iron  core.  They  are  called  induction  instruments  because  they  depend  upon 
the  interaction  of  the  induced  currents  in  the  cup  or  disk  with  the  inducing 
field. 

The  general  principle  of  induction  instruments  may  be  tmderstood 
by  considering  the  induction  wattmeter  or  the  induction  watthour  meter. 
An  iron  core  is  wound  with  a  large  number  of  turns  of  fine  wire,  and  to 
this  winding  the  voltage  of  the  circuit  is  applied.  The  metal  disk  or  cup 
forming  the  moving  element  passes  through  an  air  gap  in  the  core.  Eddy 
currents  are  set  up  in  the  moving  element  by  the  flux  from  this  voltage 
coil.  The  load  cinrent  passes  through  a  coarse  winding  on  another  arm  of 
the  iron  core  or  on  a  separate  core.  The  eddy  currents  produced  in  the 
disk  by  the  voltage  flux  react  with  the  magnetic  field  of  the  cturent  coil 
producing  a  torque  which  tends  to  drive  the  disk  continuously  in  one 
direction. 

In  an  induction  indicating  instrument  this  rotation  may  be  opposed  by 
gravity  or  by  a  spiral  spring.  The  latter  is  usually  employed,  as  it  permits 
a  rotation  of  about  300®,  thus  giving  a  great  length  of  scale  for  a  given 
diameter  of  the  instnmient. 

In  an  early  form  of  induction  ammeter  the  fixed  laminated  electro- 
magnet is  woxmd  with  a  single  coil.  A  single  turn  of  copper  strip,  called  a 
"shading  coil,"  surroimds  about  half  of  the  polar  projection  of  the  iron 
core.  The  induced  cmrents  in  this  strip  retard  the  phase  of  the  magnetic 
flux  in  the  part  of  the  core  inclosed  by  the  strip,  and  the  resultant  flux  in 
the  core  as  a  whole  shifts  across  the  pole  face.  This  shifting  flux  induces 
currents  in  the  disk,  or  cup,  and  the  action  between  the  shifting  magnetic 
field  and  the  induced  currents  tends  to  set  the  cup  or  disk  in  rotation. 

A  simple  induction  ammeter  made  as  just  outlined  would  be  very 
unsatisfactory,  as  its  readings  would  vary  greatly  with  change  of  frequency 
and  of  temperature.  Variation  with  frequency  may  be  compensated  for 
to  some  extent  by  connecting  a  noninductive  resistance  in  parallel  with 
the  magnetizing  coil.  As  the  frequency  increases,  a  larger  proportion  of 
the  cturent  will  flow  through  the  noninductive  resistance,  thus  preventing 
the  increase  of  reading  which  would  otherwise  result.     By  making  the  non- 
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inductive  resistance  of  copper,  a  certain  amount  of  compensation  for  tem- 
peratin-e  is  secured.  An  increase  of  temperature  increases  the  resistance 
of  the  noninductive  branch,  thus  causing  more  current  to  flow  through  the 
magnetizing  coil,  and  tending  to  offset  the  effect  of  the  increased  resistance 
of  the  moving  element,  which  acts  to  decrease  the  torque. 

Induction  instruments  of  the  rotary-field  class  are  similar  to  induction 
motors,  except  that  the  moving  element  contains  no  magnetic  material. 
The  moving  element  is  usually  in  the  form  of  a  cup,  and  an  iron  core  is 
ordinarily  supported  within  the  cup.  The  laminated  iron  stator  contains 
two  sets  of  windings,  the  currents  in  them  differing  in  phase.  This  phase 
difference  may  be  produced  in  the  ammeter  by  making  the  time  constants 
of  the  two  circuits  different,  as  by  adding  noninductive  resistance  to  one 
circuit;  the  circuits  are  then  connected  in  parallel.  In  the  "series- 
transformer"  induction  ammeter,"  which  is  probably  the  most  advanced 
form  of  induction  ammeter,  the  current  to  be  measured  flows  through  a 
single  circuit  wound  on  the  two  cores  of  a  laminated  electromagnet. 
This  winding  corresponds  to  the  primary  winding  of  a  current  trans- 
former. A  secondary  winding  under  the  main  winding  has  a  ciurent 
induced  in  it  which  will  be  approximately  proportional  to  the  main  current, 
over  a  considerable  range  of  frequency  and  temperatiupe.  The  electro- 
magnet has  polar  extensions  between  which  a  metal  cup  is  pivoted  to  timi, 
and  these  polar  projections  are  wound  with  coils  through  which  the  second- 
ary cuirent  is  passed.  The  phase  relations  of  the  primary  and  secondary 
ciurents  and  the  location  of  the  magnetizing  coils  included  in  the  secondary 
circuit  are  such  as  to  give  a  rotary  field  in  the  air  gap,  thus  exerting  a  torque 
on  the  moving  element,  as  in  an  induction  motor.  As  the  temperatm-e  in- 
creases, the  torque  would  decrease  (if  the  flux  remained  constant),  due  to 
the  increase  of  resistance  of  the  moving  element.  However,  as  the  second- 
ary winding  is  of  copper,  its  resistance  will  also  increase,  thus  causing  the 
flux  to  increase  in  the  same  proportion  and  maintaining  the  torque  im- 
changed. 

The  induction  voltmeter  is  essentially  a  low-range  induction  ammeter 
with  a  suitable  noninductive  resistance  in  series,  and  with  a  scale  marked 
to  read  the  voltage  at  the  terminals. 

The  advantages  claimed  for  the  induction  instrument  for  switchboard 
work  where  the  frequency  and  wave  form  do  not  vary  greatly  are  as  fol- 

><MacGahan.  Electric  J.,  4,  p.  113,  1907;  Proc  Am.  Inst.  Eke.  Eng.,  SI,  p.  1203,  1912. 
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lows:  Simplicity  and  ruggedness  of  the  moving  element,  high  ratio  of  torque 
to  weight  of  moving  element,  relative  independence  of  stray  magnetic  fields, 
and  great  length  of  scale  for  a  given  area  occupied  by  the  instrument.  If 
properly  designed  to  reduce  the  frequency  errors  to  a  negligible  value,  the 
induction  ammeter  is  suitable  for  portable  work  for  the  reasons  just  given. 
The  induction  ammeter  may  be  adjusted  to  read  correctly  on  two  fre- 
quencies, such  as  25  and  60  cycles.  The  error  at  frequencies  between  these 
values  is  stated  to  be  less  than  i  per  cent.  The  induction  wattmeter  is 
limited  to  a  single  frequency.  The  induction  voltmeter  may  be  arranged 
for  use  on  two  frequencies,  a  switch  (or  its  equivalent)  being  used  to  alter 
the  impedance  of  the  voltmeter  so  as  to  make  it  read  correctly  on  the  fre- 
quency in  use. 

in.  INTEGRATING  ELECTRICAL  INSTRUMENTS  (METERS) 
1.  AMPEREHOUR  METERS 

Amperehour  meters  measiure  the  product  of  the  average  current  in 
amperes  by  the  time  in  hours.  They  are  of  two  general  types:  First,  those 
depending  on  electrolysis;  second,  those  of  the  motor  type.  The  Edison 
chemical  meter,  which  has  gone  out  of  use,  contained  plates  of  zinc  in  a  solu- 
tion of  zinc  sulphate.  A  small  fraction  of  the  current  to  be  measmred  passed 
through  this  cell  and  transferred  zinc  from  one  plate  to  another.  The  loss 
of  weight  gave  a  measure  of  the  amperehotu-s  which  had  passed  through 
the  meter.  Another  chemical  meter  which  is  used  to  some  extent  depends 
on  the  decomposition  of  water  by  the  passage  of  the  current.  A  third 
form,  which  was  developed  in  England,  depends  on  the  electrolysis  of  a 
solution  containing  a  salt  of  mercury.  The  passage  of  a  current  transfers 
mercury  electrolytically  from  a  mercury  anode  to  an  iridium  cathode,  from 
which  the  mercury  falls  into  a  tube.  The  height  of  the  column  of  mercury 
is  shown  by  a  graduated  scale  alongside  the  tube.  The  scale  is  usually 
marked  in  kilowatthours  on  the  assumption  of  a  stated  supply  voltage. 

Amperehour  meters  of  the  motor  type  may  be  classified  as  commu- 
tator meters  and  mercury  motor  meters.  Commutator  amperehour  meters 
have  an  armature  free  from  iron  arranged  to  rotate  between  the  poles  of  a 
strong  permanent  magnet.  The  winding  of  the  armatiu-e  is  such  that  the 
meter  develops  full  speed  with  about  i  to  2  volts  at  the  brushes  and  with  a 
small  armattu*e  current.  The  armatxure  is  connected  to  the  terminals  of  a 
shunt  which  carries  the  greater  part  of  the  cinrent  to  be  measured. 
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Merciiry  amperehour  meters  have  a  chamber  within  which  a  copper 
disk  (or,  in  some  designs,  a  cup)  is  submerged  in  mercury  and  arranged  to 
rotate.  The  current  enters  the  mercury  at  one  side  of  the  chamber  and 
flows  through  the  disk.  A  permanent  magnet  produces  a  magnetic  field 
through  the  disk,  and  the  disk  is  caused  to  rotate  by  the  interaction  of  the 
current  in  the  disk  with  the  magnetic  field.  Like  the  other  forms  just 
described,  this  amperehotu-  meter  operates  only  on  direct  current. 

The  principal  application  of  the  amperehour  meter  as  such  is  in  con- 
nection with  storage  batteries.  By  arranging  the  connections  to  the  meter 
shtmt  so  that  the  speed  of  the  meter  on  discharge  exceeds  the  speed  on 
charge  (for  a  given  current)  by  a  definite  percentage  depending  on  the 
amperehour  efficiency  of  the  battery,  the  meter  will  aid  in  determining 
the  state  of  charge  of  the  battery. 

Abroad,  the  amperehour  meter  is  largely  used  as  a  substitute  for  the 
watthour  meter  in  the  sale  of  electric  current,  especially  in  England."  It 
is  customary  to  mark  the  dials  to  read  kilowatthours  at  some  stated 
voltage.  The  chief  advantages  of  the  amperehour  meter  for  this  ptupose 
are  its  lower  first  cost  and  the  absence  of  voltage  (potential)  circuits  which 
consume  energy  continually  and  are  liable  to  bum  out  or  develop  open 

circuits. 

2.  DIRECT-CURRENT  WATTHOUR  METERS,  THOMSON  TYPE 

Integrating  meters  as  now  used  in  this  country  are  practically  all  of 
the  motor  type  and  are  watthour  meters;  that  is,  they  measure  electrical 
energy.  They  may  be  classified  as  direct-cturent  meters  and  alternating- 
current  meters.  The  Thomson  watthour  meter  (the  so-called  * '  recording  watt- 
meter") is  the  earliest  example  of  American  direct-current  motor  meter, 
and  most  other  direct-current  watthotu'  meters  differ  from  it  only  in  details 
of  design  and  construction.  This  meter  contains  a  small  commutator 
motor  free  from  iron.  The  line  current  passes  through  the  fixed  field 
windings,  and  the  armattu-e,  which  is  woimd  with  fine  wire,  is  connected 
through  a  series  resistance  across  the  line.  On  the  shaft  of  the  motor  is 
a  disk  of  copper  or  aluminum  which  rotates  between  the  poles  of  several 
permanent  magnets.  The  upper  end  of  the  armatiu-e  shaft  has  a  worm 
which  engages  with  the  first  gear  wheelof  the  register.  The  best  meters  of 
this  general  type,  as  now  made,  have  much  lighter  moving  elements,  higher 

**  For  a  description  of  the  principal  foreign  amperehour  meters,  see  Electrical  Instruments  and  Meters  in  Europe,  by 
H.  B.  Brooks,  issued  by  the  Bureau  of  Porei^  and  Domestic  Commerce,  Washington,  D.  C 
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torque,  and  smaller  losses  in  the  voltage  circuit  than  the  original  Thomson 
meter.  It  is  important  that  the  loss  in  the  voltage  circuit  be  small,  as  the 
total  loss  in  a  large  installation  is  appreciable  and  is  going  on  as  long  as  the 
voltage  is  on  the  lines.  Heating  due  to  losses  in  the  meter  is  also  objec- 
tionable because  it  tends  to  affect  the  accuracy  of  the  meter. 

3.  DIRECT-CURRENT  WATTHOUR  METERS,  MERCURY  TYPE 

The  driving  element  of  this  type  of  meter  consists  of  a  copper  disk  sub- 
merged in  merciuy.  The  line  current  enters  the  mercury  chamber,  flows 
diametrically  across  the  disk  and  out  at  the  other  side.  A  laminated  electro- 
magnet, wound  with  fine  wire  and  connected  across  the  line,  provides  a 
magnetic  field  which  passes  up  through  the  copper  disk  and  down  through 
it  on  the  other  side  of  the  axis  of  rotation.  A  ring  of  laminated  iron  above 
the  disk  is  used  to  reduce  the  reluctance  of  the  magnetic  circuit.  The  inter- 
action of  the  current  in  the  disk  with  the  magnetic  field  causes  the  disk  to 
rotate.  The  upper  end  of  the  shaft  carries  an  aluminum  disk  which  rotates 
between  the  poles  of  drag  magnets  and  provides  the  retarding  torque. 

A  three-wire  mercury  motor  meter  has  recently  been  developed.  It 
consists  of  two  motor  elements,  one  above  the  other,  with  a  common  shaft 
Special  arrangements  are  provided  to  prevent  the  escape  of  mercury  from 
the  upper  element.. 

The  mercury  motor  meter  has  several  advantages.  It  dispenses  with 
the  commutator,  which  is  one  of  the  most  troublesome  featiu-es  of  the  usual 
direct-ciurent  meter.  It  has  a  very  low  drop  of  potential  in  the  current 
circuit,  which  adapts  it  for  use  with  shunts.  It  is  only  slightly  affected 
by  stray  magnetic  fields.  The  weight  of  the  moving  element  is  carried 
by  flotation.  It  has  the  disadvantages  of  small  torque  and  of  being  limited 
to  ranges  of  lo  amperes  and  above. 

4.  ALTERNATING-CURRENT  WATTHOUR  METERS 

(a)  Use  op  Commutator  Meters  on  Alternating-Current  Cir- 
cuits.— ^The  Thomson  watthour  meter  and  other  meters  designed  on  the 
same  principle  for  direct-current  service  may  be  used  on  alternating-current 
circuits  with  an  error  which  is  occasioned  partly  by  the  inductance  of  the 
armature  circuit  and  partly  by  eddy  currents.  This  error  is  smaller,  the 
lower  the  frequency  and  the  nearer  the  power  factor  of  the  load  is  to  unity. 
To  avoid  this  error  such  meters  have  sometimes  been  "  lagged  "  by  connect- 
ing a  noninductive  resistance  in  parallel  with  the  current  coil  of  the  meter. 
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(6)  Induction  Watthour  Meters. — ^There  is  little  occasion,  however, 
for  the  use  of  commutator  meters  on  alternating  ciurents,  as  the  induction 
watthour  meter  is  much  to  be  preferred,  having  no  moving  wire,  no  contacts, 
a  much  lighter  moving  system,  better  ratio  of  torque  to  weight,  and  better 
performance.  The  losses  in  the  induction  meter  are  much  smaller,  and  in 
most  designs  the  eflfect  of  stray  magnetic  fields  is  much  smaller  than  in  the 
direct-current  meter. 

The  induction  watthour  meter  depends  on  the  same  general  principle 
as  the  induction  wattmeter,  as  briefly  described  on  page  16.  The  moving 
element  is  extremely  simple,  consisting  usually  of  an  aluminum  disk  motmted 
on  a  vertical  spindle;  the  spindle  is  supported  by  a  jewel  bearing,  and  has  a 
worm  which  engages  with  a  worm  wheel  on  the  register.  The  disk  serves 
a  double  purpose — ^the  driving  torque  is  due  to  the  interaction  of  currents 
induced  in  the  disk  with  the  magnetic  fields  inducing  them,  and  the  retard- 
ing torque  is  due  to  eddy  currents  set  up  in  the  disk  by  one  or  more  permanent 
magnets  between  whose  jaws  the  disk  revolves.  The  induction  watthour 
meter  must  be  adjusted  to  operate  at  some  one  definite  frequency. 

(c)  Effect  of  Wave  Form. — Induction  meters  are  affected  to  some 
extent  by  variations  in  the  wave  form  in  the  circuits  on  which  they  are 
used.  This  was  of  consequence  in  the  earlier  years  of  alternating-current 
distribution,  when  generators  were  designed  for  maximum  weight  effi- 
ciency (or  other  desiderata)  with  more  or  less  complete  ignorance  or  dis- 
r^ard  of  the  wave  form.  The  present  tendency  is  to  design  generators 
to  give  a  reasonably  good  approximation  to  a  sine  wave. 

5.  PORTABLE  WATTHOUR  METERS 

In  order  to  facilitate  the  testing  of  electric  meters  on  the  premises  of 
constmiers,  portable  watthotu:  meters  have  been  devised.  These  are  some- 
times called  ''rotating  standards";  they  are  substantially  the  same  in  con- 
struction as  the  service  meters,  but  usually  have  arrangements  for  varying 
the  current  range  by  having  a  separate  coil  for  each  range,  or  a  stranded  coil 
whose  sections  may  be  grouped  in  various  wajrs,  or  by  a  combination  of 
these  methods.  The  style  of  mounting  is  such  as  to  adapt  them  for  port- 
able use,  and  the  dials  are  such  as  to  enable  a  close  reading  to  be  made  for 
very  short  runs.  These  meters  are  constructed  on  the  induction  principle 
for  alternating  current.  This  gives  a  satisfactory  instrument  for  commer- 
cial work  on  a  definite  frequency.  Direct-current  meters,  on  account  of 
the  use  of  commutator  and  brushes  and  the  much  higher  drop  in  the  field 
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coils,  are  not  so  satisfactory  as  the  former.  In  either  case  the  portable 
watthour  meter  should  be  considered  as  a  secondary  instrument,  liable  to 
change  in  use,  and  it  should  be  frequently  checked  by  reliable  standard 
instruments. 

The  annual  reports  of  the  Committee  on  Meters  of  the  National  Electric 
Light  Association  contain  much  valuable  information  on  watthoiu*  meters. 
The  Electrical  Meterman's  Handbook,  prepared  by  this  committee,**  con- 
tains a  large  amount  of  information  on  American  watthour  meters  as  well 
as  the  auxiliary  apparatus  required  for  testing  meters. 

IV.  RECORDING  ELECTRICAL  INSTRUMENTS 
1.  GENERAL  DISCUSSION 

Recording  (also  called  graphic  or  curve-drawing)  electrical  instruments 
make  a  graphic  record  of  the  varying  values  of  current,  voltage,  power,  or 
other  electrical  quantities  in  the  circuit  to  which  they  are  connected.  Almost 
any  of  the  types  of  indicating  instruments  previously  referred  to  may  be 
utilized  in  the  design  of  a  recording  instrument,  but  in  general  the  permanent- 
magnet  moving-coil  type  is  used  for  direct-current  work,  and  the  moving- 
iron,  electrodynamometer,  and  induction  types  for  alternating-current  work. 
Recording  instruments  are  useful  for  giving  a  check  on  the  operation  of 
plants,  for  determining  the  power  required  by  motor-driven  machinery, 
determining  voltage  regulation,  and  similar  purposes.  They  may  be  broadly 
classified  as  direct-acting  and  as  relay  instruments. 

2.  DIRECT-ACTING  RECORDING  INSTRUMENTS 

A  direct-acting  recording  instrument  is  essentially  an  indicating  instru- 
ment having  a  pen,  pencil,  or  stylus  attached  to  its  pointer  to  draw  a  record 
on  a  paper  chart  which  is  moved  imder  the  pointer  by  clockwork  or  its 
equivalent.  The  friction  of  the  marking  device  would  interfere  seriously 
with  the  motion  of  the  pointer  of  an  ordinary  indicating  instrument,  and 
the  design  of  a  recording  instrument  must  take  this  into  accoimt.  This  is 
usually  done  by  modifying  the  operating  system  so  as  to  get  a  large  value  of 
torque.  In  some  recording  instruments  a  large  torque  is  made  unnecessary 
by  allowing  the  moving  system  to  swing  freely  except  at  certain  regular 
intervals  when  a  bar  is  depressed,  forcing  a  stylus  against  the  paper  and 
making  a  dot.     By  arranging  the  apparatus  so  as  to  make  these  dots  fre- 

19  Published  by  the  National  Electric  I«ight  Asaodaiion.  33  West  Thirty-ninth  Street.  New  York.  N.  Y. 
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quently,  an  approximation  to  a  continuous  curve  is  made.  This  form  of 
instrument  may  also  be  regarded  as  a  relay  instrument,  since  a  force  other 
than  that  due  to  the  operating  system  assists  in  making  the  record.  Another 
method  which  is  used  for  avoiding  friction  consists  in  causing  the  discharge 
from  a  spark  coil  to  jump  from  the  end  of  the  pointer  through  the  paper  to 
the  drum  on  which  the  paper  is  carried,  thus  piercing  the  paper. 

3.  RECORDING  INSTRUMENTS  ON  THE  RELAY  PRINCIPLE 

In  a  recording  instrument  on  the  relay  principle  the  operating  system 
is  relieved  of  the  work  of  making  the  record  directly,  and  merely  operates 
relay  contacts  which  bring  into  action  auxiliary  devices,  such  as  solenoids, 
which  operate  the  pen.  One  of  the  chief  advantages  of  this  tjrpe  is  that  the 
operating  system  (measming  system)  of  the  instrument  has  very  little  work 
to  do,  and  hence  may  be  designed  to  take  a  relatively  small  amount  of  power 
as  compared  with  a  direct-acting  recording  instrument  of  the  same  tjrpe. 
This  feature  is  sometimes  important  when  the  recording  instrument  must 
be  operated  from  instrument  transformers  whose  output  is  limited,  or  which 
already  have  other  instruments  connected,  and  have  but  little  margin  of 
output  available  for  operating  the  recording  instrument.  Another  advan- 
tage of  the  relay  t3rpe  instrument  is  that  a  slight  displacement  of  the  pen 
from  the  true  reading  results  in  full  torque  being  applied  to  restore  the 
true  reading,  whereas  in  the  direct-acting  tjrpe  the  restoring  torque  is  only 
proportional  to  the  amount  of  the  displacement.  The  relay  type  is  neces- 
sarily more  complicated  and  more  expensive  than  direct-acting  instruments. 

In  a  recent  recording  instrument,  which  may  be  classed  as  a  relay 
instrument,  there  are  no  electrical  relay  contacts,  but  the  position  of  a 
galvanometer  pointer  mechanically  relays  the  work  of  making  the  record  to 
a  small  auxiliary  motor  nmning  at  constant  speed.  This  motor  also  moves 
the  paper. 

V.  INSTRUMENT  TRANSFORMERS 
1.  GENERAL  DISCUSSION 

Instrument  transformers  are  of  two  classes,  cturent  transformers  and 
voltage  transformers.  Current  transformers  are  used  to  reduce  large 
alternating  cturents  to  smaller  values  which  can  be  measured  conveniently, 
and  similarly,  voltage  transformers  reduce  high  voltages  to  values  which 
can  be  measured  on  an  ordinary  voltmeter.  Their  use  makes  it  possible  to 
71900^—15 4 
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exclude  high  voltages  from  the  mstruments,  thus  insiuing  greater  safety  to 
the  operator;  the  mstruments  can  be  woimd  with  standard  current  and 
voltage  windings,  usually  for  5  amperes,  no  volts,  and  the  instruments 
may  be  placed  in  any  convenient  location,  connection  to  the  transformers 
being  made  with  small  wires. 

2.  VOLTAGE  TRANSFORMERS 

A  voltage  transformer  "  is  essentially  a  lighting  or  power  transformer 
of  small  capacity  used  to  step  down  the  line  voltage  for  the  operation  of 
instruments.  The  rated  output  of  the  transformer  is  generally  made  con- 
siderably less  than  the  output  which  dovld  be  safely  carried  without  over- 
heating; this  limitation  of  the  output  is  for  the  purpose  of  limiting  the 
variation  of  the  ratio  of  transformation  ^"  with  change  of  output.  To 
minimize  the  error  in  the  ratio,  voltage  transformers  may  be  wotmd  so 
that  the  ratio  is  correct  for  an  average  secondary  load;  it  will  then  be 
slightly  low  at  no  load  and  slightly  high  at  rated  load.  The  error  is  thus 
zero  at  the  average  load,  and  the  maximum  error  in  the  ratio  is  less  than  if 
the  vnnding  had  been  designed  to  give  correct  ratio  at  either  no  load  or  full 
load. 

(a)  Phase  Angle  of  Voltage  Transformers. — In  an  ideal  voltage 
transformer,  having  no  losses,  the  secondary  induced  electromotive  force 
would  be  exactly  in  opposition  to  the  primary  voltage.  In  an  actual  trans- 
former, however,  the  iron  and  copper  losses  and  magnetic  leakage  cause  the 
no-load  secondary  voltage  to  lead  opposition  to  the  primary  applied  voltage 
by  a  small  angle.  This  small  angle  is  called  the  "  phase  angle  "  of  the  trans- 
former; it  amounts  to  only  a  small  fraction  of  a  degree  in  good  transformers, 
and  its  effect  is  negligible,  for  most  practical  purposes,  if  the  secondary  cur- 
rent is  small.  The  effect  of  adding  a  noninductive  load  to  the  secondary  is 
to  decrease  this  angle  of  lead;  as  the  load  is  increased,  the  secondary  ter- 
minal voltage  usually  passes  through  the  position  of  opposition  to  the  pri- 
mary and  lags  behind  opposition. 

"  The  term  "potential  truufonner"  has  been  in  use  ^ce  the  beginning  of  the  ahemating-current  art.  However, 
M  the  word  "potential"  when  nsed  in  this  senw  is  incorrect  unless  assumed  to  be  a  oontractiaa  of  "potentiaKdifferenoe." 
and  is  used  in  other  senses  in  scientific  work,  it  has  been  suggested  that  the  expression  "voltage  transformer"  be  used 
instead,  as  it  is  not  ambiguous.  The  term  **  pressure  transformer"  is  an  objectionable  one,  as  are  a^  the  words  "piessure** 
and  "tension"  when  used  in  the  sense  of  electromotive  force  or  difference  of  potential. 

>*  The  ratio  of  transfonnation  of  a  voltage  transformer  is  the  quotient  of  the  voltage  applied  to  the  primary  terminals 
dividedby  the  voltage  available  at  the  secondary  terminab.  Theratioof  transformation  is  a  variable  quantity,  and  while 
it  is  nearly  equal  to  the  quotient  of  primary  turns  divided  by  secondary  turns  (in  properly  designed  voltage  transformers) 
klfaould  be  distinguished  from  the  ratio  of  tunis. 
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Voltage  transformers  usually  operate  on  circuits  of  approximately  con- 
stant voltage  and  frequency,  and  liieir  design  and  construction  present  no 
special  problems  not  foimd  in  lighting  and  power  transformers  for  the  same 
voltages. 

3.  CURRENT  TRANSFORMERS 

(a)  Genbrai^  Discussion. — Alternating-current  ammeters  are  not  well 
adapted  for  operation  from  shtmts,  as  a  rule,  and  the  windings  of  shtmted 
instruments  are  necessarily  at  the  same  potential  as  the  shunts.  For  these 
reasons,  and  others  of  perhaps  less  importance,  the  current  transformer  *•  is 
widely  used. 

While  the  current  transformer  does  not  differ  in  principle  from  ordinary 
lighting  or  power  transformers,  it  is  rather  sharply  limited  as  to  design  if 
good  results  are  to  be  secured.  The  magnetic  induction  must  be  kept  low, 
the  core  must  be  of  good  material  (such  as  silicon  steel),  and  the  magnetic 
circuit  should  be  short  and  have  interlaced  joints,  if  joints  are  present. 
The  number  of  ampere-turns  of  each  winding  should  not  be  less  than  300, 
as  a  rule.    This  value  ^®  refers  to  the  rated  maximum  current. 

(6)  Ratio  op  Transformation. — ^The  ratio  of  transformation  of  a  cur- 
rent transformer  is  the  quotient  of  the  primary  ciurent  divided  by  the 
secondary  ctuxent;  this  ratio,  in  a  good  transformer  which  is  not  over- 
loaded, is  nearly  equal  to  the  quotient  of  the  niunber  of  secondary  turns 
divided  by  the  number  of  primary  turns.  The  ratio  of  transformation 
depends  on  the  secondary  current,  and  in  nearly  all  cases  the  ratio  becomes 
greater  as  the  secondary  current  decreases.  The  ratio  is  also  dependent  on 
the  impedance  of  the  secondary  circuit,  including  the  secondary  winding 
itself,  the  secondary  instruments,  and  the  connecting  wires.  In  general, 
an  increase  in  the  impedance  of  the  apparatus  connected  to  the  secondary 
will  increase  the  values  of  the  ratio  for  all  values  of  secondary  current  and 
also  increase  the  rate  of  change  of  the  ratio  with  changing  secondary  cur- 
rent. The  impedance  of  the  secondary  circuit  should  therefore  be  reduced 
to  the  minimum. 

»  AH  tmufonnert  which  have  doted  tecoodary  drcuiu  tranaform  both  the  voltage  and  the  current.  The  terms 
"cnrrcnt  transformer"  and  "vottace  transformer"  refer  merely  to  the  use  to  which  the  transformers  are  xnit.  In  the 
voltage  transformer  the  thing  of  importance  is  the  voltage;  the  primary  voltage  may  be  very  great  while  the  currents  are 
tmalL  In  the  current  transformer  the  reverse  is  true;  the  voltages  are  small  and  are  not  recorded  or  used  while  the  currents 
are  important  and  the  primary  current  may  be  very  large.    The  current  transformer  is  sometimes  called  a  "series  trans* 


**  This  figure  is  given  by  Bdgcumbe.  Industrial  Electrical  Measuring  Instruments,  p.  140.  It  is  too  sman  for  any  but 
spcdal  cases,  sudi  as  the  operation  of  one  ammeter.  For  the  better  types  of  current  transformer  used  with  wattmeters  or 
watthour  meters,  the  number  of  ampere-turns  should  be  not  less  than  800  to  z.ooo.  as  a  rule. 
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(c)  Phase  Angi^e  of  Current  Transformer. — In  an  ideal  ciirrent 
transformer  whose  core  had  infinite  permeability  and  no  core  loss,  and  in 
which  there  was  no  leakage  flux,  the  secondary  cmrent  would  be  exactly 
in  opposition  to  the  primary  current  and  the  ratio  of  transformation  would 
equal  the  ratio  of  turns.  The  effect  of  the  magnetizing  current  and  the 
core  loss  is  to  cause  the  secondary  current  to  be  slightly  in  advance  *^  of 
opposition  to  the  primary  cturent.  The  amount  of  this  advance  is  called 
the  "phase  angle";  it  is  dependent  on  the  resistance  and  reactance  of  the 
secondary  circuit,  and  usually  decreases  as  the  secondary  cturent  increases. 
If  the  secondary  circuit  is  noninductive,  the  magnetizing  ciurent  produces 
the  phase  angle,  and  the  core  loss  causes  the  ratio  of  transformation  to 
depart  from  the  ratio  of  the  niunber  of  turns.  This  statement  is  correct  to 
within  small  quantities  of  the  second  order.  With  a  secondary  circuit 
having  reactance  but  no  resistance,  the  magnetizing  current  would  affect 
the  ratio  and  the  core  loss  would  produce  the  phase  angle.  For  such 
secondary  loads  as  are  usually  fotmd  in  practice  the  magnetizing  current 
and  the  core  loss  each  affect  both  ratio  and  phase  angle. 

The  phase  angle  of  a  current  transformer  is  of  no  consequence  when 
the  secondary  circuit  contains  only  ammeters  or  other  apparatus,  such  as  trip 
coils,  which  depend  only  on  the  current  strength.  If  wattmeters,  watthotu: 
meters,  or  power  factor  meters  are  to  be  operated,  it  is  important  to  have 
the  phase  angle  small.  This  might  be  accomplished  by  having  a  sufficiently 
large  reactance  in  the  secondary  circuit,  but  this  would  have  the  tmdesirable 
effect  of  causing  the  ratio  of  transformation  to  increase  considerably  as  the 
secondary  current  decreased.  It  is  therefore  better,  in  general,  to  keep  the 
secondary  resistance  and  reactance  low,  thus  obtaining  a  good  ratio  per- 
formance, and  to  keep  the  phase  angle  as  small  as  possible  by  good  design 
and  good  materials  in  the  transformer.  In  meastuing  single-phase  power 
or  energy  accurately  with  a  wattmeter  or  a  watthour  meter  in  connection 
with  current  or  voltage  transformers,  the  observed  value  must  be  corrected 
for  the  instrument  error,  then  multiplied  by  the  ratio  of  the  voltage  trans- 
former and  by  the  ratio  of  the  current  transformer.  These  ratios  must  be 
known  for  each  transformer  as  a  result  of  tests,  and  are  most  conveniently 
taken  from  curves  showing  values  of  ratio  for  various  secondary  conditions. 
If  the  load  to  be  measured  has  nearly  unity  power  factor,  phase  angles  may 
be  neglected  imless  in  extreme  cases  of  cturent  transformers  whose  design 

*  This  applies  to  the  case  of  seooodaiy  coancctcd  loads  having  moderate  reactance.  When  the  secoadafy  ooonected 
load  has  a  larfe  reactance,  as  in  the  case  of  oU-switdi  trip  coils  and  relay  coils,  the  secondary  current  may  lag  befaiad 
opposition  to  the  primary  current,  at  least  for  some  values  of  the  secondary  current. 
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entirely  unfits  them  for  power  or  energy  measurements.  As  an  extreme 
case  may  be  mentioned  a  current  transformer  tested  by  this  Btueau.  The 
transformer  was  of  the  "hole  type,"  having  an  opening  to  enable  it  to  be 
slid  over  a  bus  bar  carrying  100  amperes  maximum.  The  ampere  turns  at 
full  load  were  thus  very  low,  being  only  100  as  against  the  minimum  of  300 
referred  to  on  page  25.  The  phase  angle  was  excessive,  ranging  from  18® 
at  0.5  ampere  secondary  current  to  5®  at  5  amperes.  The  ratio  varied  7 
per  cent  over  the  same  range  of  secondary  current.  This  transformer  was 
intended  by  the  maker  for  the  operation  of  a  relay  only,  in  which  case  the 
phase  angle  is  not  objectionable.  If  the  power  factor  of  the  load  is  appre- 
ciably below  unity,  it  is  necessary  to  take  into  account  not  only  the  ratios 
but  also  the  phase  angles  of  the  instrument  transformers.  A  discussion  of 
this  matter,  with  illustrative  examples  and  tables,  is  given  by  L.  T.  Rob- 
inson in  Transactions  of  the  American  Institute  of  Electrical  Engineers, 
voltmie  28,  page  1005,  1909.  This  article  also  discusses  the  matter  of 
phase  angle  corrections  to  measurements  in  polyphase  circuits  with  the 
help  of  current  and  voltage  transformers.^' 

(d)  Secondary  Circuit  to  be  ICept  Closed. — ^The  secondary  cir- 
cuit of  a  current  transformer  should  never  be  opened  while  current  is 
flowing  through  the  primary,  not  only  on  accoimt  of  the  rise  of  voltage 
at  the  secondary  terminals,  which  may  become  dangerously  high,  but 
also  because  both  the  ratio  and  the  phase  angle  will  be  changed.  With 
current  flowing  in  the  primary  and  the  secondary  circuit  open,  the  magnetic 
flux  in  the  core  rises  to  an  abnormally  high  value,  and  the  heating  due  to 
the  greatly  increased  iron  loss  may  damage  the  insulation.  The  mag- 
netic condition  of  the  core  is  also  altered,  so  that  on  a  return  to  normal 
condition  of  the  secondary  circuit  the  magnetizing  current  and  the  core 
loss  are  greater  than  normal,  thus  changing  the  ratio  and  the  phase  angle.** 
The  same  abnormal  condition  of  the  core  will  occur  if  a  direct  cturent  of 
sufficient  strength  flows  through  either  of  the  windings. 

{e)  Ei^FECT  OF  Direct-Current  Flow. — ^A  case  was  reported  to  the 
Btu-eau  in  which  the  acctu-acy  of  a  current  transformer  used  in  connec- 
tion with  an  important  watthour  meter  was  appreciably  affected  by  the 
flow  of  direct  current  through  the  secondary  winding.  The  secondary 
circuit  was  connected  at  two  places  to  two  independent  station  grotmds. 
One  of  these  grounds  became  defective,  and  direct  current  which  normally 

**  See  also  N.  B.  I«.  A.  Meter  Code,  1912.  p.  its'*  Metennan's  Handbook,  p.  996;  AmerioB  Wftin^fHtffilr  for  Bkctrical 
KiifhMTra,  p.  18x9. 

**  Ainew  and  Pitch,  BnUetin  of  the  Bureati  of  Standards,  6,  p.  S97,  X910;  Scientific  Paper  No.  xjo. 
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would  have  flowed  to  earth  through  this  ground  passed  along  the  secondary 
wiring,  through  the  secondary  coil  of  the  transformer,  and  to  earth  by  way 
of  the  second  ground. 

In  case  the  secondary  circuit  is  accidentally  opened,  or  if  the  core 
becomes  magnetized  by  the  flow  of  direct  current  through  either  wind-^ 
ing,  the  core  may  be  brought  back  to  its  normal  condition  (demagnetized) 
by  passing  at  least  half  the  rated  primary  current  through  the  primary 
winding  with  a  resistance  of  lo  ohms  or  more  connected  to  the  secondary, 
in  series  with  the  secondary  instruments.  This  resistance  should  then  be 
gradually  reduced  to  zero  by  steps  of  i  ohm  or  less. 

The  phase  angle  of  an  instrument  transformer  depends  on  the  fre- 
quency, the  secondary  current,  and  the  secondary  impedance. 

VI.  PERFORMANCE  OF  ELECTRICAL  INSTRUMENTS 
1.  ACCURACT,  SENSITIVITY,  AND  RELIABIUTT 

The  distinction  between  accuracy  and  sensitivity  should  be  care- 
fully noted.  For  example,  a  particular  indicating  instrument  may  be  sensi- 
tive, so  that  a  change  in  the  quantity  under  measurement  of,  say,  o.i  per 
cent  will  give  a  perceptible  change  in  the  position  of  the  pointer.  How- 
ever, there  may  be  defects  in  the  design  or  construction  of  the  instrument 
such  that  an  error  of  i  per  cent  may  enter  into  the  restdt  without  the  pjossi- 
bility  of  detection  except  by  the  simultaneous  use  of  a  second  instnunent 
which  is  able  to  give  results  correct  to,  say,  o.i  per  cent  under  the  given 
conditions.  The  first  instrument  is  sensitive  to  o.i  per  cent,  but  accurate 
to  only  I  per  cent.  Consider  a  third  instrument  which  is  sensitive  to  0.2 
per  cent  but  is  accin^te  under  the  given  conditions  of  use  to  0.5  per  cent. 
It  thus  has  double  the  accuracy  of  the  first  instrument  though  only  half  as 
sensitive,  and  for  most  purposes  it  would  be  preferable  to  the  first  instrument. 

The  reliability  of  an  electrical  instrument  is  an  important  property 
which  is  difficult  to  determine  except  through  extended  experience.  It  is 
to  be  distinguished  from  permanency,  though  the  two  are  closely  related. 
To  secure  reliability  requires  that  the  operating  principle  be  a  suitable 
one  for  the  purpose,  the  design  such  as  tends  to  rigidity,  strength,  and 
permanence  of  adjustments;  that  the  materials  used  be  suitable,  and  that 
no  materials  be  employed  which  may  occasion  damage^  to  any  part;  and, 

**  The  use  <A  soft  rubber  tubtns,  for  example,  is  liable  to  cause  corrosion  of  springs  and  connectins  wires.  Sinukr 
fcsults  haye  been  occasioned  by  hard  rubber.  Superior  substitutes  for  these  materials  are  now  available  and  are  <^mitiy 
into  extensive  use. 
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further,  that  the  materials  be  properly  worked  and  assembled.  For 
example,  even  the  best  magnet  steel  will  give  poor  results  if  the  heat  treat- 
ment is  not  suitable.  These  conditions  show  upon  what  complex  condi- 
tions the  reliability  of  electrical  instnmients  depends,  and  hence  to  what  a 
large  extent  the  experience,  facilities,  and  shop  system  of  the  maker  affect 
the  reliability  of  the  product. 

The  acciwacy,  sensitivity,  and  reUability  of  electrical  instruments  are 
determined  by  their  design  and  the  materials  and  care  used  in  their  con- 
struction. No  instruments  made  are  **  absolutely  acctu-ate"  or  entirely 
independent  of  their  surrotmdings,  and  a  knowledge  of  the  magnitude  of 
the  errors  likely  to  occur,  the  origin  of  these  errors,  and  the  means  used 
to  make  the  errors  negligible  or  as  small  as  possible,  is  of  value  in  enabling 
one  to  choose  between  different  types  of  instruments  which  may  be  used  for 
a  given  work,  and  in  obtaining  the  best  results  from  an  instrument  imder 
working  conditions. 

2.  EFFECTS  OF  CHANGE  OF  ROOM  TEMPERATURE 

(a)  General  Discussion. — ^A  change  of  temperature  of  1°  C  produces 
various  effects  on  the  parts  of  an  instrument.  These  effects  differ  widely 
in  magnitude.  For  example,  the  linear  expansion  of  the  metal  parts  will 
be  of  the  order  of  10  to  20  parts  in  a  million,  and  the  change  of  resistance  of 
manganin  and  some  other  alloys  will  be  of  the  same  order.  Both  the 
foregoing  may  be  neglected  in  all  ordinary  cases.  The  change  of  the  elastic 
force  of  a  spring  will  be  several  parts  in  ten  thousand,  and  the  change  of 
resistance  of  a  copper  coil  will  be  about  4  parts  in  a  thousand. 

(6)  Temperature  Coefficients  of  Direct-Current  Voltmeters. — 
The  effect  of  an  increase  of  temperattu-e  of  1°  C  is  to  weaken  a  phosphor- 
bronze  spring  about  0.04  per  cent,  and  hence  if  no  other  part  of  an  instru- 
ment was  affected  by  the  temperature  change,  the  reading  of  the  instrument 
would  be  increased  by  this  percentage.  In  an  instnmient  of  the  permanent- 
magnet  moving-coil  type,  the  strength  of  the  magnetic  field  in  the  air  gap 
will  usually  decrease  by  about  0.02  per  cent  **  for  a  rise  of  temperature  of 
I  °  C.  This  decrease  in  the  field  strength  tends  to  reduce  the  reading  of  the 
instnunent,  and  hence  the  reading  will  in  general  be  increased  by  only  0.02 
per  cent  by  a  rise  of  room  temperature  of  i°C.  This  figvu-e  applies  to  a 
permanent-magnet   moving-coil  instrument  used  as  a  milliammeter  with 

*  This  is  an  average  of  the  values  found  by  Sanford  and  Fearing  for  the  magnetic  fields  ol  six  instruments  from  three 
makers.    The  individual  values  ranged  from  — o.oz  to  —0.03  per  cent. 


Digitized  by 


Google 


30  Circular  of  the  Bureau  of  Standards 

the  whole  current  to  be  measured  flowing  through  the  moving  coil.  K 
the  instnunent  is  to  be  used,  in  connection  with  some  added  resistance, 
as  a  voltmeter,  the  effect  of  temperature  change  on  the  resistance  of  the 
instnunent  circuit  must  also  be  considered.  It  is  evident  that  if  the  resist- 
ance of  the  voltmeter  can  be  made  to  increase  by  about  0.02  per  cent'* 
per  degree  C,  the  current  taken  by  the  voltmeter  (when  a  definite  volt- 
age is  applied  to  its  circuit)  will  decrease  0.02  per  cent  for  a  rise  of  i  ®  C, 
thus  offsetting  the  resultant  temperature  coefl&cient  of  the  magnet  and 
springs,  and  making  the  instnunent  compensated  for  room  temperature 
changes.  For  example,  the  moving  coil  may  have  60  ohms  resistance* 
and  be  of  copper  wire  whose  temperature  coefiicient  is  approximately  0.4 
per  cent  per  degree  C.  If  to  this  coil  be  added  a  series  resistance  of  man- 
ganin,  constantan,  or  other  suitable  alloy  of  negUgible  temperature  coeflS- 
cient,  so  as  to  make  a  total  of  1200  ohms,  the  resistance  of  the  instrument 
will  increase  0.02  per  cent  per  degree  C  rise  of  temperature,  and  the 
voltmeter  will  be  compensated  for  ordinary  changes  of  room  temperature, 
(c)  Temperatxjre  Coefficients  of  Direct-Current  Ammeters. — On 
accotmt  of  the  necessity,  for  commercial  reasons,  of  keeping  down  the  size, 
weight,  and  cost  of  switchboard  ammeter  shimts,  as  well  as  the  power  lost 
in  them,  shunted  ammeters  are  designed  to  give  full-scale  deflection  for  very 
low  voltages,  usually  from  50  to  75  millivolts.  As  the  shimts  are  usually 
made  of  resistance  alloy  of  low  temperature  coefficient,  while  a  considerable 
part  of  the  instrument  circuit  consists  of  copper,  the  proportion  of  the  total 
current  which  passes  through  the  instnunent  will  change  appreciably  with 
changing  room  temperature.  The  resulting  temperature  errors  range  from 
less  than  one-tenth  per  cent  to  about  four-tenths  per  cent  per  degree  C, 
so  that  in  extreme  cases  errors  of  5  per  cent  or  more  may  be  caused  by 
room  temperature  changes.  This  is  ordinarily  not  a  matter  of  importance, 
as  switchboard  ammeters  serve  mainly  as  indicators  to  guide  in  the  operation 
of  a  plant,  to  prevent  overloading  of  generators,  motors,  or  feeders.  Such 
ammeters,  however,  should  not  be  used  where  accuracy  is  required,"  as, 
for  example,  in  making  efficiency  tests  or  in  checking  watthour  meters, 
unless  suitable  correction  is  made  for  the  effect  of  room  temperature.  It  is, 
however,  preferable  to  use  instruments  having  smaller  corrections,  as  it  is 

**  This  is  an  average  value,  and  to  compute  the  percentaee  of  manganin  (or  similar  alloy)  for  accurate  tempctature 
compensation  for  a  given  instrument  would  require  the  detennination  of  its  temperature  coefficient  as  a  milliamxneter. 

^  P.  P.  Cooc,  Transactions  American  Institute  o(  Electrical  Engineers,  84,  p.  x8z,  and  B.  B.  Rosa,  discussion,  p.  aay, 
190S. 
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not  always  possible  to  determine  temperatures  accmatdy  at  the  points 
where  they  need  to  be  known. 

(d)  Temperaturjs  Compensation  of  Direct-Current  Ammeters. — 
Portable  shunted  ammeters  for  direct  current  should  be  compensated  for 
temperature.  The  simplest  method  of  doing  this  is  to  proceed  as  outlined 
above  for  the  compensation  of  a  voltmeter,  namely,  to  add  enough  series 
resistance  of  low  temperature  coeflScient  to  make  the  instnunent  (considered 
as  a  millivoltmeter)  independent  of  temperature.  The  shimts  should  be  of 
manganin,  or  other  alloy  having  similar  properties.  In  order  to  secure  a 
close  approach  to  compensation  for  temperature  in  this  way,  it  is  usually 
necessary  to  increase  the  full-load  drop  across  the  shimt  to,  say,  150  or  200 
millivolts.  This  method  of  temperature  compensation  is  the  one  ordinarily 
used  by  American  makers. 

Another  method  '*  is  used  to  some  extent  abroad.  A  small  amount  of 
resistance  of  low  temperature  coeflScient  is  added  to  the  moving-coil  circuit, 
and  the  whole  is  shimted  with  a  coil  of  copper  or  other  material  of  high 
temperature  coeflficient.  To  this  branched  circuit  is  then  added  a  certain 
amount  of  resistance  wire  of  low  temperature  coefl&cient.  When  the  proper 
relations  exist  between  the  resistances  and  temperature  coeflficients  of  the 
various  parts  the  instnunent  will  be  compensated  for  temperature  as  a 
millivoltmeter.  This  plan  has  the  advantage  over  the  method  of  plain 
series  resistance,  in  that  the  temperature  compensation  may  be  secured  with 
a  considerably  lower  voltage  for  full-scale  deflection,  and  hence  the  shimts 
are  smaller  and  less  expensive.  The  method  has  the  disadvantages  of  being 
more  complicated  and  of  requiring  greater  care  in  construction,  and  the 
instnmient  so  compensated  as  a  milUvoltmeter  may  have  an  appreciable 
temperature  coeflScient  if  used  as  a  milliammeter. 

(e)  Temperature  Coefficients  of  Moving-Iron  Instruments. — In 
the  moving-iron  ammeter,  with  spring  control,  an  increase  of  temperature 
affects  the  magnetic  conditions  in  the  iron  in  such  a  way  as  to  decrease 
the  operating  torque  by  about  the  same  percentage  that  it  reduces 
the  spring  strength.  These  ammeters  thus  are  very  nearly  independent 
of  room  temperature  changes.'*  The  temperature  coeflScient  of  a  mov- 
ing-iron voltmeter  thus  depends  mainly  upon  the  ratio  of  the  resistance 
of  the  copper  coil  to  the  total  resistance  of  the  instnmient.     For  example, 

^  Hallo  and  Land,  Eldctriache  und  Magnedsche  Messungen  und  Messinstnxmente.  p.  359. 

**  This  statement  is  based  on  the  experience  of  this  Bureau  with  several  instruments  of  each  of  two  pramincnt  Amerl- 
CBD  makes.    It  is  not  certain  that  it  applies  to  aU  types  and  gnules'ol  movinc-iron  ammeter. 
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if  the  copper  coil  has  a  resistance  of  150  ohms,  and  the  series  resistance  of 
alloy  of  low  temperature  coefl&cient  (such  as  constantan)  makes  up  a  total 
of  1,500  ohms,  the  voltmeter  will  read  lower  by  one-tenth  of  0.4  per  cent, 
or  0.04  per  cent,  for  an  increase  of  temperature  of  1°  C. 

(/)  Temperature  Coefficients  of  Electrodynamometer  Instru- 
ments.— In  an  electrodynamometer  ammeter,  with  the  fixed  coil  and  the 
moving  coil  in  series,  the  only  appreciable  effect  of  temperature  on  the  read- 
ing is  that  caused  by  change  in  the  strength  of  the  controlling  springs.  An 
increase  of  temperature  of  1°  C  will  reduce  the  strength  of  the  springs  by 
0.04  per  cent.  For  any  given  relative  position  of  the  coils,  the  operating 
torque  varies  as  the  square  of  the  current;  the  scale,  however,  is  marked  to 
read  the  first  power  of  the  current.  Such  an  instrument  will  therefore  read 
0.02  per  cent  higher  on  a  given  ciurent  for  each  degree  C  of  temperature 
elevation.  Hence,  if  a  milliammeter  of  this  type,  of  suitable  range,  be 
supplied  with  a  series  resistance  of  low  temperature  coefficient,  such  that 
the  total  resistance  is  twenty  times  the  resistance  of  the  copper  windings, 
the  temperature  coefficient  of  resistance  of  the  circuit  will  be  0.02  per  cent 
per  degree  C  and  will  offset  the  effect  of  temperatiu'e  changes  on  the  strength 
of  the  springs.  The  instrument  will  be  compensated  for  temperature  as  a 
voltmeter. 

A'  similar  condition,  namely,  total  resistance  equal  to  approximately 
ten  times  the  copper  resistance,  applies  to  the  potential  circuit  of  an  electro- 
dynamometer  wattmeter,  if  the  readings  of  the  wattmeter  are  to  be  inde- 
pendent of  temperature  changes.  The  torque  of  a  wattmeter  is  proportional 
to  the  first  power  of  the  quantity  it  measures,  for  any  given  relative  position 
of  its  coils. 

(9)  Temperature  Coefficients  of  Induction  Instruments. — In 
the  induction  ammeter  of  the  shifting-field  type  the  use  of  a  noninductive 
copper  coil  in  parallel  with  the  magnetizing  coil  has  already  been  referred 
to  (p.  16)  as  giving  approximate  correction  for  both  frequency  and  tem- 
peratiu'e changes.  The  rotary-field  induction  ammeter  is  also  designed 
to  be  independent  of  temperature,  as  are  also  induction  voltmeters.  A  low 
temperature  coefficient  is  more  difficult  to  obtain  in  the  case  of  induction 
wattmeters.  For  this  purpose  it  is  necessary  to  use  a  special  alloy  instead 
of  aliuninum  for  the  moving  element,  thus  decreasing  the  ratio  of  torque 
to  weight.     (See  p.  47.) 

(h)  Temperature  Coefficients  of  Hot- Wire  Instruments. — In 
the  hot-wire  instrument  a  change  of  room  temperature  changes  the  leng^ 
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of  the  woricing  wire,  and  also  changes  the  distance  between  the  supports 
of  the  ends  of  the  wire.  Hence,  if  the  base  plate  carrying  these  supports  be 
made  of  material  having  the  same  temperature  coefficient  of  expansion  as 
the  working  wire,  this  source  of  temperature  error  in  the  instrument  will 
be  removed.  The  instrument  thus  constructed  may,  however,  still  have  a 
temperature  coefficient  caused  by  changes  in  the  rate  at  which  energy  is 
lost  from  the  wires  by  radiation  and  convection  with  changing  room  tempera- 
ture. In  the  hot-wire  ammeter  an  appreciable  amotmt  of  heat  also  escapes 
by  conduction  to  the  end  supports  and  to  the  flexible  strips  used  to  divide 
the  wire  electrically  into  several  sections. 

(i)  Temperature  Coefficients  of  Electrostatic  Instruments. — 
Room  temperature  eflfects  in  electrostatic  instruments  resemble  those  in 
the  electrodynamometer  ammeter  with  fixed  coil  and  moving  coil  in  series. 
The  operating  torque  for  a  given  voltage  will  be  practically  independent  of 
temperatiu'e.  If  the  moving  element  is  himg  on  a  phosphor-bronze  strip, 
the  torque  of  this  strip  (for  a  given  angle  of  twist)  will  be  0.04  per  cent  less 
for  each  degree  C  rise.  Hence,  such  a  voltmeter,  if  correct  at  a  given  room 
temperature,  will  read  0.02  per  cent  too  high  for  each  degree  C  rise. 

(j)  Temperature  Coefficients  of  Watthour  Meters. — In  the 
direct-ciurent  watthotu-  meter  of  the  Thomson  type  the  retarding  torque 
is  due  to  the  eddy  cmrents  set  up  in  the  copper  or  aluminum  disk.  An 
increase  of  temperature  of  1°  C  increases  the  resistance  of  the  disk  0.4  per 
cent,  and  if  this  effect  were  not  compensated,  the  speed  of  the  meter  on  a 
given  load  would  be  increased  by  this  percentage.  Compensation  is  secured 
by  using  wire  of  high  temperature  coefficient  for  the  series  resistance  in  the 
armattue  circuit,  so  that  the  armattue  current  decreases  as  the  temperature 
increases.  Some  foreign  makers  use  constantan  wire  for  the  series  resist- 
ance, thus  producing  a  meter  whose  readings  vary  greatly  with  room  tem- 
perature. This  state  of  things  is  due  to  the  absence  of  proper  performance 
specifications  for  meters  in  the  given  localities. 

In  the  induction  watthoiu*  meter  both  the  driving  torque  and  the  retard- 
ing torque  are  occasioned  by  eddy  cturents  in  the  disk,  and  as  both  are 
weakened  alike  by  an  increase  of  resistance  of  the  disk,  the  speed  of  the  meter 
is  independent  of  the  temperatiu-e  of  the  disk.  In  stating  the  torque  of 
such  meters,  the  temperature  at  which  the  torque  was  determined  (or  the 
temperature  to  which  the  observed  value  was  reduced)  should  be  given. 
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In  both  the  above  cases  there  are  other  factors  which  affect  the  tempera- 
ture coefficient  of  the  meter;  for  example,  the  change  in  the  permanent 
magnets.  These  other  factors  are  minor  ones  in  comparison  with  those 
discussed  above. 

3.  EFFECTS  OF  SBLF-HEATING  OF  INSTRUMENTS 

(a)  Gbnbrai,  Discussion. — In  the  preceding  discussion  of  effects  of 
room  temperature  it  has  been  assumed  that  temperatures  within  the  instru- 
ment were  the  same  throughout.  If  no  source  of  heat  existed  in  the  instru- 
ment this  would  be  very  nearly  the  case.  Most  instruments,  however, 
contain  sources  of  heat,  usually  coils  of  wire  through  which  ciuxents  flow. 
Unequal  heating  is  therefore  possible,  and  an  error  may  result  which  will 
depend  upon  the  value  of  the  current  or  voltage  imder  measiuement  and 
upon  the  length  of  time  that  the  instrument  is  kept  in  circuit. 

In  direct-cmrent  millivoltmeters  and  in  voltmeters  of  moderate  range 
(say,  not  over  300  volts)  the  amotmt  of  power  converted  into  heat  is  rela- 
tively small.  In  alternating-current  voltmeters  and  the  voltage  circuits  of 
wattmeters  the  resistance  for  a  given  voltage  is  much  lower,  and  the  amount 
of  heat  liberated  per  second  is  much  greater.  As  a  large  part  of  this  heat- 
ing occiu^  in  the  dead  resistance  in  series  with  the  working  element,  this 
heat-producing  resistance  should  be  partitioned  off  from  the  working  sjrs- 
tem  and  properly  ventilated.*® 

(b)  Selp-Heating  of  Shunted  Direct-Current  Ammeters. — In 
direct-current  ammeters  with  external  shimts  there  is  practically  no  self- 
heating  within  the  instrument.  The  heating  of  the  shimt  may  be  consider- 
able at  full  load.**  While  the  alloys  used  in  shtmts  are  commonly  such  as 
have  very  small  temperature  coefficients,  there  is  another  important  prop- 
erty which  must  not  be  overlooked,  namely,  the  thermal  electromotive  force 
of  the  alloy  against  the  brass  or  copper  used  for  the  shtmt  blocks.  The  alloy 
constantan  has  some  properties  that  make  it  desirable  for  shunts,  from  the 
standpoint  of  ease  of  manufacture,  but  it  has  a  very  large  thermal  electro- 
motive force  which  makes  it  objectionable.  Constantan  is  known  also  by 
various  trade  names,  such  as  la  la,  advance,  etu"eka,  and  others.  For  the 
construction  of  coils  of  high  resistance,  such  as  voltmeter  multipliers,  con- 
stantan has  some  advantages  over  manganin. 

A  considerable  part  of  the  heat  produced  in  switchboard  ammeter  shtmts 
is  carried  away  by  conduction  to  the  bus  bars,  from  which  it  escapes  by 

**  Neglect  of  this  precaution  usually  results  in  an  instrument  which  can  not  be  left  in  circuit  for  any  appreciable  time 
without  introducing  an  appreciable  error  due  to  internal  heating. 

»  See  paper  by  Pitch  and  Huber.  Bulletin  of  the  Bureau  of  Standards,  7,  p.  4x2;  Scientific  Paper  No.  163. 
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radiation  and  convection.  Even  if  the  opportunity  for  escape  of  heat  is  the 
same  at  each  end  of  the  shunt,  there  will  still  be  a  difference  of  temperature. 
This  is  caused  by  the  flow  of  cmrent  through  a  circuit  made  up  of  dissimilar 
metals,  and  is  known  as  the  Peltier  effect.  It  causes  a  thermal  electromotive 
force  in  such  a  direction  as  to  increase  the  reading  of  the  ammeter.  In  cases 
of  imequal  heating  of  the  two  ends  of  the  shunt,  caused  by  bad  contacts  or 
by  difference  in  size  of  bus  bars,  the  resultant  thermal  electromotive  force 
may  either  increase  or  decrease  the  reading  of  the  ammeter. 

Thermal  electromotive  force  may  be  detected  by  allowing  the  cturent 
to  flow  tmtil  the  shimt  has  reached  its  maximum  temperatiure  elevation, 
and  then  breaking  the  main  circuit,  when  the  index  will  fail  to  return  to 
zero  if  appreciable  thermal  electromotive  force  is  present.  This  effect  may 
be  disting^uished  from  zero  shift  (due  to  spring  fatigue)  by  disconnecting 
one  lead  from  the  instrument,  when  the  position  of  the  index  will  change  by 
an  amotmt  proportional  to  the  thermal  electromotive  force. 

(c)  Use  of  Copper  Bar  as  Ammeter  Shunt. — ^The  use  of  portions  of 
copper  bus  bar  as  ammeter  shtmts  is  not  now  recommended  on  acotmt  of 
the  large  temperatiu-e  errors  due  to  heating  of  the  bus  bar  by  the  current 
In  special  cases,  where  a  length  of  bus  bar  is  available  which  gives  a  drop  at 
full  load  of  several  times  that  required  by  the  instrument,  a  fine  insulated 
copper  wire  can  be  laid  along  the  bar  in  intimate  heat  contact  with  it,  and 
used  as  a  series  resistance  in  the  miUivoltmeter  circuit.  The  heating  of 
this  wire  will  tend  to  compensate  for  the  increased  drop  on  the  shunt  as  the 
latter  heats  up.  This  method  is  limited  by  the  necessity  of  avoiding  joints 
in  the  part  of  the  bus  bar  used  as  a  shtmt  and  by  the  tmcertainty  as  to  the 
distribution  of  ciuxent  between  the  separate  bars  of  a  laminated  bus. 

(d)  SeItF-Heating  of  Portable  Direct-Current  Ammeters. — Porta- 
ble diiect-ciurent  ammeters  have  been  made  with  internal  copper  shimts, 
in  order  to  reduce  the  loss  of  power  in  the  instrument.  As  both  shtmt  and 
moving  coil  are  of  copper,  changes  of  room  temperature  will  not  alter  the 
relative  distribution  of  cturent  between  moving  coil  and  shtmt.  As  the 
temperature  coefficient  of  the  tmshtmted  instrument  as  a  miUiammeter  is 
quite  small,  such  a  shunted  instnunent  wotdd  be  a  very  good  one  were  it 
not  for  self -heating  of  the  shtmt  and  the  restdting  differences  of  temperature 
within  the  instnunent.  In  the  smaller  sizes  (say,  up  to  15  amperes)  such 
instruments  give  a  good  performance,  but  as  the  ampere  capacity  increases 
the  performance  becomes  poorer,  tmtil  in  capacities  of  300  to  500  amperes 
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the  indications  change  very  rapidly  after  closing  the  circuit,  and  the  instru- 
ments are  not  suitable  for  any  but  rough  work. 

(e)  Use  ok  Manganin  for  Ammeter  Shunts. — ^For  precision  ammeter 
shunts,  manganin  is  usually  regarded  as  the  most  satisfactory  material  that 
is  supported  by  a  long  service  record.  Manganin  is  an  alloy  of  about  84  per 
cent  copper,  1 2  per  cent  manganese,  and  4  per  cent  nickel.  Its  specific  resist- 
ance is  about  25  times  that  of  copper,  and  its  temperature  coefficient  and 
thermoelectric  power  against  copper  are  both  very  small.  Two  other  alloys 
with  properties  similar  to  those  of  manganin  have  been  in  use  for  a  shorter 
time  and  seem  to  give  promise  of  good  permanence;  one  is  an  American 
product  which  bears  the  trade  name  of  therlo,  and  the  other  a  German 
alloy  known  as  Kulmiz  alloy,  or  Achenrain  resistance  material. 

(/)  Self-Heating  of  Moving-Iron  Instruments. — In  the  moving-iron 
ammeter  the  conditions  are  favorable  for  a  small  error  due  to  the  effect  of 
internal  heating,  since  the  power  lost  in  the  instrument  (if  the  latter  is  well 
designed)  is  small,  and  the  iron  and  the  spring  are  usually  near  each  other, 
and  hence  their  temperatures  will  not  differ  greatly  under  any  circumstances. 
In  the  moving-iron  voltmeter  the  conditions  are  slightly  less  favorable,  as  the 
heating  of  the  copper  coil  increases  the  resistance  of  the  circuit. 

(g)  Self-Heating  of  Hot-Wire  Instruments. — The  matter  of  internal 
heating  in  the  hot-wire  instrument  is  unique,  in  that  the  operation  of  the 
instrument  depends  on  internal  heating.  However,  some  questions  arise  in 
this  connection.  For  example,  the  base  plate  carrying  the  supports  for  the 
hot  wire  will  be  heated  by  the  hot  wire,  and  this  heating  will  be  very  slow, 
on  accoimt  of  the  heat  capacity  of  the  base  plate.  If  a  hot-wire  instnunent 
is  to  be  kqpt  in  circuit  continuously,  it  ought  to  be  tested  only  after  having 
been  in  circuit  long  enough  to  reach  a  steady  state. 

No  energy  losses  occur  in  the  electrostatic  instmment,  and  hence  it  is  free 
from  errors  due  to  internal  heating. 

(A)  Self-Heating  of  Thomson  Direct-Current  Watthour  Me- 
ters.— ^An  interesting  example  of  the  effect  of  self-heating  on  accuracy  is 
that  afforded  by  the  Thomson  type  of  direct-current  watthour  meter.  The 
accuracy  curve  for  such  meters  rises  between  10  per  cent  load  and  about 
half  load,  then  droops  for  all  loads  above  half  load.  This  effect,  which  was 
long  thought  to  be  due  to  the  coimter  electromotive  force  of  the  armature, 
has  been  shown  '*  to  be  due  largely  to  the  increased  resistance  of  the  arma- 
ture when  the  latter  is  heated  by  the  series  coils. 

**  Pitch  and  Hubcr.  Comparative  Study  of  American  Direct-Current  Watthour  Meters,  Bulletin  of  the  Bureau  of 
Btandaids,  10«  p.  z88»  X9X3;  Scientific  Paper  No.  307. 
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4.  EFFECTS  OF  STRAY  MAGNETIC  AND  ELECTROSTATIC  FIELDS 

(a)  General  Discussion. — ^The  eflfect  of  stray  magnetic  field  upon  the 
indications  of  an  instrument  depends  on  the  nature  of  the  field  and  the  oper- 
ating principle  of  the  instnmient.  A  magnetic  field  of  constant  direction 
and  magnitude,  such  as  is  produced  by  a  direct  current  in  a  conductor,  or  by 
an  electromagnet  excited  by  direct  ciurent,  will  in  general  affect  the  indica- 
tions of  the  following  types  of  instrument:  Permanent-magnet  moving-coil; 
moving-iron;  and  electrodjmamometer.  It  has  been  shown"  that  such  a 
stray  field  changes  merely  the  strength  of  the  magnetic  field  in  the  air  gap  of 
a  permanent-magnet  moving-coil  instrument,  but  not  the  distribution  of  this 
latter  field.  The  error  due  to  the  stray  field  will  therefore  be  a  constant 
percentage  of  the  indication  of  the  instnunent,  so  long  as  the  disturbing 
stray  field  is  constant  in  amotmt  and  direction.  It  is  usually  recommended 
that  when  portable  instnunents  must  be  used  in  places  subject  to  strong 
stray  fields  the  mean  of  two  readings  be  taken,  the  instnunent  being  turned 
180®  about  the  axis  of  rotation  of  the  moving  element  for  the  second  reading. 
In  the  case  of  permanent-magnet  moving-coil  instruments,  another  method 
consists  in  placing  the  instnunent  with  its  magnetic  field  at  right  angles 
to  the  direction  of  the  stray  field,  the  latter  being  determined  by  the  use  of 
a  compass.  In  this  position  the  effect  of  the  stray  field  will  be  small,  and 
changes  in  the  magnitude  of  the  stray  field  are  not  important.  It  is,  of 
coiu-se,  better  to  avoid  exposing  instnunents  to  stray  fields  as  far  as  possible. 
In  the  case  of  moving-iron  and  electrod)mamometer  ammeters  and  voltmeters 
it  is  better  to  leave  the  instnunent  in  one  position  and  take  the  mean  of 
two  readings,  the  current  through  the  instnunent  being  reversed  for  the 
second  reading.  However,  these  latter  instruments  should  in  general  not  be 
used  for  direct-current  work,  if  permanent-magnet  moving-coil  instruments 
are  available. 

Stray  fields  due  to  direct  currents  have  no  effect  (or  a  very  small  effect) 
on  instruments  of  the  hot-wire,  electrostatic,  and  induction  types. 

If  the  stray  field  is  due  to  an  alternating  current,  no  perceptible  effect 
will  be  observed  on  the  reading  of  a  permanent-magnet  moving-coil  instru- 
ment, tmless  the  stray  field  is  strong  enough  to  demagnetize  the  permanent 
magnet  to  some  extent.  This  will  cause  the  instnunent  to  read  low  until 
it  is  repaired.     An  extreme  case  of  this  kind  is  given  •*  in  which  a  direct- 

**  Hdnrich  and  Berooviu,  Handbuch  der  BldUrotcduiik,  S,  pt.  5,  pp.  9^x2. 
M  s.  p.  Peck.  Blectrical  Worid.  61,  p.  zaao;  1908. 
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ctirrent  voltmeter  was  connected  to  a  6oo-volt  circuit  and  placed  within 
1 8  inches  of  heavy  bus  bars.  After  a  severe  short  circuit,  which  caused 
very  heavy  alternating  currents  to  flow  for  an  instant  through  these  bars, 
the  voltmeter  read  350  volts  when  the  applied  voltage  was  600. 

MacGahan,  in  Proceedings  of  the  National  Electric  Light  Association 
for  1 91 3,  page  602,  shows  an  instrument  of  the  permanent-magnet  moving- 
coil  type  having  a  single  air  gap  which  is  stated  to  be  practically  unaffected 
by  strong  stray  fields  due  to  the  cxurent  in  a  vertical  conductor.  The 
arrangement  is  such  that  the  stray  field  passes  through  the  magnet  at  right 
angles  to  the  permanent  flux. 

It  is  doubtful  whether  any  general  rule  can  be  given  for  determining  the 
error  due  to  stray  magnetic  field  in  the  use  of  portable  moving-iron  instru- 
ments. Some  makers  surround  the  operating  system  with  a  magnetic 
shield  of  laminated  soft  iron  as  a  protection  against  stray  fields.  This 
affords  considerable  protection,  but  adds  appreciably  to  the  weight  of  the 
instrument,  and  sometimes  gives  trouble  when  the  instruments  are  used  on 
direct  current,  on  accoimt  of  magnetic  polarity  which  may  develop  in  the 
iron  shield. 

Moving-iron  instruments  of  the  switchboard  t)T)e  are  partially  shielded 
from  stray  magnetic  fields  by  the  iron  cases  in  which  they  are  usually 
mounted.  However,  they  should  be  placed  so  as  to  avoid  stray  fields 
as  far  as  possible. 

Electrodynamometer  ammeters,  voltmeters,  and  wattmeters,  as  usually 
made,  are  appreciably  affected  by  stray  magnetic  fields.  Such  instruments 
are  usually  tested  with  direct  current,  and  in  order  to  eliminate  the  error 
caused  by  the  earth's  field,  which  may  amount  to  i  or  2  per  cent  of  the 
maximum  scale  reading,  it  is  necessary  to  take  the  mean  of  two  readings, 
the  direction  of  the  current  through  the  instrument  being  reversed  for  the 
second  reading.  It  is  usually  possible  to  find  a  position  of  the  moving  coil 
such  that  the  earth's  field  produces  no  effect  on  the  reading;  that  is,  for  the 
given  position  of  the  instrument  and  the  given  scale  reading,  the  moving 
coil  incloses  the  maximum  possible  number  of  lines  of  force  due  to  the  earth. 
When  such  an  instrument  is  used  on  alternating  currents,  stray  fields  such 
as  the  earth's,  which  do  not  change  in  direction,  hav^  no  effect  on  the  reading, 
but  errors  may  be  caused  by  the  stray  fields  set  up  by  large  alternating 
currents  whose  frequency  is  the  same  (or  nearly  the  same)  as  that  of  the 
ciurents  in  the  instrument.  To  avoid  this,  all  leads  to  the  instrument  and 
near  the  instrument  should  be  run  as  noninductively  as  possible,  by  avoiding 
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loops.  The  use  of  a  magnetic  shield  of  laminated  iron  surroimding  the 
movement  is  becoming  more  general.  In  testing  such  instruments  with 
direct  current,  the  mean  of  reversed  readings  should  be  taken  in  order  to 
eliminate  any  effect  caused  by  magnetic  polarity  in  the  shield. 

Hot-wire  and  electrostatic  instruments  are  practically  unaffected  by 
stray  alternating  fields,  though  a  slight  error  from  this  cause  is  theoretically 
possible. 

(6)  Astatic  Instruments. — ^The  preceding  discussion  applies  to  simple 
instruments  of  the  various  types.  To  avoid  the  effects  of  stray  fields, 
astatic  instruments  are  made  by  combining  two  operating  systems,  or  their 
equivalent.  For  example,  two  permanent-magnet  moving-coil  systems  are 
used,  with  the  moving  elements  coupled  to  add  their  torques  and  with  the  two 
magnets  arranged  to  have  opposite  polarities.  Another  astatic  arrangement 
consists  of  two  moving-iron  systems  coupled  to  operate  a  single  index, 
the  polarities  of  the  two  solenoids  being  opposite.  Both  the  above  are  used 
in  foreign  recording  instruments.  An  astatic  electrodynamometer  instru- 
ment contains  two  moving  coils  rigidly  connected,  with  their  polarities 
opposite,  so  that  with  direct  current  flowing  in  them,  for  example,  the  force 
due  to  the  earth's  field  acting  on  one  coil  is  balanced  by  the  force  on  the 
other  coil.  This  construction  is  not  used  as  much  as  it  deserves  to  be, 
probably  on  account  of  increased  mechanical  difficulties  of  construction. 
In  another  form  of  astatic  instrument,  applicable  only  to  direct  current, 
the  deflecting  torque  and  the  controlling  torque  are  both  caused  by  the 
same  magnetic  field.  This  field  is  produced  by  an  electromagnet  supplied 
from  a  separate  source  or  by  means  of  a  permanent  magnet. 

A  word  of  caution  is  necessary  concerning  astatic  instruments.  They 
are  much  less  affected  by  stray  fields  than  the  ordinary  types,  but  they  are 
strictly  astatic  only  for  fields  which  are  imiform  over  the  space  occupied  by 
the  coils,  or  for  nontmiform  fields  which  may  happen  to  produce  the  same 
torque  on  each  coil.  The  field  about  a  bus  bar  carrying  a  current  is  not 
uniform,  but  decreases  in  intensity  as  the  distance  from  the  bar  increases. 
If  an  astatic  instrument  is  placed  near  the  bar,  one  coil  of  the  astatic  system 
may  be  so  much  closer  to  the  bar  than  the  other  as  to  give  an  appreciably 
greater  force  on  the  nearer  coil,  and  hence  a  residual  error  will  be  caused  by 
the  stray  field.  In  using  astatic  instruments  the  same  precautions  should  be 
taken  as  for  simple  instruments,  if  the  maximum  acciu-acy  of  which  they  are 
capable  is  desired. 
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(c)  Errors  Due  to  Electrostatic  Action. — Stray  electrostatic  fields 
can  produce  no  effect  on  an  instrument  wholly  inclosed  in  a  metal  (conduct- 
ing) cover.  Electrostatic  effects  are  therefore  limited,  as  a  rule,  to  those 
due  to  fields  set  up  within  the  instrument.  Rubbing  the  cover  glass  over  the 
index  will  often  cause  the  index  to  move  from  its  proper  position,  due  to 
the  action  of  an  electric  charge  produced  on  the  glass.  One  remedy  for  this 
consists  in  breathing  on  the  glass,  the  moisture  causing  the  induced  charge 
to  disappear.  Another  electrostatic  effect  may  be  noticed  when  testing 
wattmeters  by  the  method  of  separate  sources  of  current  and  voltage. 
When  the  potential  of  the  fixed  coil  is  different  from  that  of  the  moving  coil, 
an  electrostatic  force  is  exerted  between  the  two  which  may  cause  appreciable 
errors  in  the  indications.  The  remedy  is  to  arrange  the  circuits  so  that  the 
fixed  coil  and  the  moving  coil  may  be  joined  at  one  point.  This  requires 
care  to  avoid  trouble,  due  to  a  possible  contact  betwen  the  circuits  at  some 
other  point. 

This  connection  between  the  coils  may  well  be  made  through  a  direct- 
current  voltmeter  whose  maximum  reading  is  not  less  than  the  voltage  used 
in  testing  the  wattmeter.  The  index  of  this  voltmeter  should  remain  at 
zero;  if  a  deflection  occurs,  leakages  or  contacts  are  present  in  the  test 
circuits. 

Instruments  having  a  wooden  baseboard  and  metal  covers  are  liable 
to  error  from  electrostatic  forces  between  the  index  and  the  metal  case. 
Dining  a  test  of  a  direct-current  voltmeter  at  750  volts,  variations  of  4  or  5 
divisions  in  the  reading  were  observed  when  the  observer  touched  the  metal 
case. 

Induction  instruments  have  nearly  closed  magnetic  circuits  and  strong 
working  fields.  They  are  consequently  much  less  affected  by  stray  alter- 
nating fields  than  unshielded  instruments  of  the  moving-iron  and  electro- 
dynamometer  types,  and  are  not  affected  by  direct-current  fields. 

5.  EFFECTS  OF  IMPERFECT  ELASTICITT  OF  SPRINGS 

(a)  Generai^  Discussion. — ^The  quality  of  the  springs  used  in  an  elec- 
trical instrument  has  an  important  bearing  on  the  acciUBcy  of  the  results 
obtained.  At  one  time  springs  were  looked  upon  with  suspicion,  and 
"gravity-controlled**  instruments  were  often  preferred.  These  are  still 
made  by  foreign  makers,  most  of  whom  also  supply  instruments  with  spring 
control.  Gravity-controlled  instnunents  are  somewhat  cheaper  in  first 
cost.    While  present-day  springs  should  not  be  looked  upon  as  free  from  the 
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possibility  of  change  with  time,  those  used  by  the  best  makers  give  very 
good  results,  and  may  be  considered  to  be  no  more  liable  to  change  than 
other  parts  of  the  instruments. 

(6)  Zero  Shift. — If  the  index  of  an  instrument  stands  at  zero  with  no 
current  flowing,  after  an  interval  of,  say,  several  days  of  rest,  and  the  circuit 
be  closed  so  as  to  give  full-scale  deflection  for  a  few  minutes,  then  on  breaking 
the  circuit  the  index  will  usually  return  to  zero,  within  the  limit  of  reading. 
If  full-scale  deflection  be  maintained  for  an  hour,  the  index  will  probably  not 
return  exactly  to  zero  on  breaking  the  circuit.  If  the  deflection  be  main- 
tained for  several  hours,  the  discrepancy  will  be  still  greater.  This  zero 
shift  is  due  to  elastic  fatigue  or  viscosity;  it  is  only  temporary,  and  gradually 
disappears.  The  amount  of  this  zero  shift  varies  not  only  with  the  pro- 
cedure of  use,  as  just  outlined,  but  also  varies  in  different  classes  of  instru- 
ments and  in  different  individuab  of  the  same  class.  In  first-class  volt- 
meters it  should  not  be  more  than  just  noticeable  (say,  o.i  division).  In 
miUivoltmeters  it  is  usually  greater,  although  occasionally  a  millivoltmeter 
will  show  very  good  performance  in  this  respect."  The  effect  of  zero  shift 
upon  the  accuracy  of  the  results  (if  the  shift  be  not  allowed  for)  is  greater 
when  an  instrument  is  used  for  a  small  deflection  soon  after  it  has  sus- 
tained a  large  deflection  for  a  considerable  time. 

The  amount  of  zero  shift  depends  also  on  the  design  of  the  spring;  this 
matter  is  referred  to  later.     (See  p.  48.) 

Another  form  of  zero  shift  is  caused  by  the  gradual  change  of  form  of 
springs  with  time.  This  has  been  observed  in  a  munber  of  iastruments 
using  a  single  spiral  spring,  and  the  change  observed  was  evidently  a  gradual 
uncoiling  of  the  spring.  In  moving-coil  instnunents  it  is  customary  to  use 
two  spiral  springs  wound  in  opf)Osite  directions.  In  this  case  the  tendency 
of  one  spring  to  imwind  would  offset  a  similar  tendency  in  the  other  spring. 

The  zero  shift,  due  to  thermoelectric  effects,  is  considered  on  page  34. 

(c)  HooKB*s  Law. — It  has  often  been  assumed  that  the  torque  of  a 
spiral  spring  is  exactly  proportional  to  the  angle  of  twist;  ia  other  words, 
that  the  spring  obeys  Hooke's  law.  Hence,  in  testing  such  instruments  as 
the  Siemens  dynamometer,  the  "  constant 'V  of  the  instrument  was  deter- 
mined for  one  value  of  current  and  asstuned  to  hold  for  any  other  value,  or 

*  The  reason  for  the  poorer  spring  performance  of  miUiToltmeters,  as  a  class,  lies  in  the  necessity  of  usins  springs  which 
m>proach  pure  copper  in  electrical  conductivity;  such  springs  tend  toward  the  greater  elastic  Ttscosity  of  pure  copper. 
For  voltmeters  this  limitation  as  to  conductivity  does  not  exist,  and  the  springs  may  be  made  of  any  alloy  which  is  non- 
magnetic and  has  the  best  medianical  and  elastic  properties.  Phosphor  brooxe  of  good  quality  is  usually  considered  to  be 
^Tcry  waXkSmcioty  material, 
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the  constant  was  taken  as  the  mean  of  several  determinations  with  diflferent 
currents.  This  assumption  has  been  shown  to  be  incorrect  and  to  lead  to 
errors  of  i  per  cent  or  more.'^  In  ordinary  direct-reading  instnunents,  with 
properly  calibrated  scales,  such  an  error  does  not  appear.  However,  if  by 
accident  the  spring  should  be  thrown  out  of  its  original  shape,  the  scale  will 
no  longer  be  correct,  even  though  by  shifting  the  spring  holder  the  index 
be  brought  back  to  zero.  If  the  spring  is  considerably  distorted,  the  in- 
strument should  be  sent  to  the  maker  for  repairs. 

(d)  Zero  Adjustment. — It  is  becoming  more  general  to  provide  zero- 
adjusting  devices  for  indicating  instruments,  and  such  devices  are  very 
good  if  properly  used.  They  may  be  used  to  correct  for  small  variations  of 
the  springs,  but  should  not  be  used  to  bring  to  zero  a  pointer  that  has  been 
bent,  as  such  an  adjustment  brings  the  moving  part  into  an  initial  position 
diflferent  from  that  which  it  occupied  when  the  original  calibration  was  made. 
In  instnunents  which  do  not  have  a  uniform  scale  this  may  introduce  appre- 
ciable errors  throughout  the  scale. 

6.  EFFECTS  OF  FRICTION  AND  LACK  OF  BALANCE 

(a)  Friction  of  Pivots. — In  a  properly  designed  and  well  made 
instrument  the  friction  of  pivots  should  not  affect  the  readings  appreciably, 
unless  the  instnunent  is  old  or  has  been  roughly  handled.  Good  perform- 
ance as  regards  friction  requires  not  only  good  workmanship  in  the  pivots 
and  jewels  but  also  good  design.  (See  p.  47.)  In  general,  it  is  preferable  to 
have  the  axis  of  rotation  vertical  in  pivoted  instnunents,  as  the  friction  will 
be  smaller  and  more  uniform  than  with  a  horizontal  axis.  This  principle 
may  be  departed  from  in  switchboard  instnunents,  which  need  not  be  read 
with  great  refinement,  but  the  vertical  axis  is  to  be  used  for  precision  instru- 
ments. 

Friction  at  points  other  than  the  pivots  often  makes  the  readings  so 
irregular  as  to  call  attention  to  the  trouble  and  to  make  the  instnunent 
useless  imtil  the  diflficulty  is  removed.  In  some  cases,  however,  friction  of 
this  kind  may  affect  the  readings  only  at  certain  times,  and  usually  at  certain 
parts  of  the  scale,  and  the  trouble  may  be  diflScult  to  discover.  Such  friction 
is  sometimes  caused  by  fine  fibers  loosening  from  the  substance  of  the  paper 
scale  and  projecting  out  till  they  touch  the  index.  Similar  trouble  may  be 
caused  by  small  particles  of  foreign  matter  getting  into  the  air  gap  of  a  direct- 

^  Wm.  Bradsbaw,  Electric  Journal,  S,  p.  395;  1906. 
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current  instrument  or  into  the  air-damping  box  of  an  alternating-current 
instrument. 

(6)  Lack  of  Balance  of  Moving  System. — If  the  moving  system  of  a 
spring-controlled  instrument  is  not  properly  balanced,  the  indications  of  the 
instnunent  will  vary  with  change  of  level  of  the  instrument.  Errors  due 
to  this  cause  may  be  considerable.  To  investigate  a  portable  instnunent 
in  this  respect,  it  should  be  tipped  say  io°  from  the  horizontal;  a  switch- 
board instrument  should  be  held  with  the  axis  of  rotation  of  the  moving 
system  approximately  horizontal,  and  should  be  slowly  turned  through  360° 
about  this  axis.  The  instrument  should  be  disconnected  from  the  circuit 
while  this  is  done.  MilUvoltmeters,  wattmeters,  and  alternating-current 
instnunents,  most  of  which  usually  have  a  smaller  ratio  ^^  of  torque  to  weight 
than  the  direct-current  voltmeter,  usually  show  somewhat  more  deviation 
than  the  latter.  If  a  portable  instrument  shows  considerable  variation  of 
zero  reading,  when  examined  as  above,  care  should  be  taken  to  have  it  on  a 
level  support  when  in  use  as  well  as  when  it  is  being  tested.  At  a  con- 
venient opportunity  the  moving  system  should  be  balanced;  this  should 
preferably  be  done  by  the  maker. 

7.  EFFECTS  OF  SOME  CONSTRUCTIONAL  DETAILS  ON  ACCURACY 

(a)  Instrument  Scales. — At  one  time  instnunent  scales  were  engraved 
or  printed,  on  the  assumption  of  a  particular  law  for  the  given  type;  gen- 
erally the  individual  instnunents  were  then  adjusted  by  trial  to  make  them 
fit  the  scale  as  closely  as  possible.  Such  a  method  does  not  give  good  results, 
in  general,  and  it  is  now  the  usual  practice  to  make  an  individual  scale  for 
each  instrument.  It  is  not  necessary,  of  course,  to  determine  every  scale 
division  by  test,  especially  in  direct-ciurent  instruments  with  nearly  uniform 
scales.  It  is  usually  considered  sufficient  to  determine  10  or  15  points  of 
the  scale  of  a  direct-current  instrument  by  actual  test.  The  intermediate 
points  are  filled  in,  sometimes  by  hand,  preferably  by  a  mechanical  method. 
The  accuracy  claimed  for  the  scales  of  high-grade  portable  direct-currect 
instruments  is  usually  one-tenth  ^^  of  a  scale  division  (1/1500  to  i/iooo  of  a 
right  angle).  This  refers  to  the  error  at  any  point  on  the  scale,  assuming 
that  the  resistance  adjustments  of  the  instnunent  are  such  as  to  reduce  the 
error  of  the  indications  to  a  minimum.  The  remaining  errors  may  then 
be  charged  to  inexactness  of  graduation  of  the  scale. 

^  Sec  discussion  of  this  ratio  on  p.  47.  '^  To  attain  such  an  accuracy  requires  great  care  and  good  facilities. 
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Alternating-current  instruments  with  nonuniform  scales  require  the 
determination  of  a  larger  number  of  points  of  the  scale  by  test,  if  an 
accurate  scale  is  required. 

(6)  Resistance  Adjustbient. — Errors  due  to  inexact  adjustment  of 
the  resistances  of  an  instrument  aflfect  all  the  readings  of  the  scale  by  the 
same  percentage,  and  may  be  removed  by  making  an  exact  adjustment  of 
resistance.  Multiple-range  instruments  may  have  errors  of  resistance 
adjustment  which  are  negligible  on  some  ranges  and  appreciable  on  others. 
Multiple-range  voltmeters  may  be  checked  in  this  respect  by  measurements 
of  resistance,  using  a  Wheatstone  bridge.  This  method  is  not  applicable 
to  mtdtiple-range  ammeters,  as  the  sensitivity  and  acciu-acy  of  the  Wheat- 
stone  bridge  are  not  adequate  when  such  low  resistances  as  those  of  ammeter 
shunts  are  to  be  measured. 

(c)  Temperature  Compensation. — An  instrument  may  be  nominally 
compensated  for  temperature,  but  the  compensation  may  not  be  good 
enough  for  some  classes  of  work.  This  defect  will  not  appear  in  the  use  of 
the  instnmient  at  a  uniform  room  temperature,  but  may  introduce  an  error 
too  great  to  be  tolerated  when  instruments  are  imavoidably  used  in  extremes 
of  temperature.  An  illustration  is  the  use  of  an  ammeter  to  meastu-e  the 
current  taken  by  the  incandescent  lamp  in  a  portable  photometer  or  illu- 
minometer.  Here  an  error  of  i  per  cent  in  the  cmrent  will  make,  say,  5  per 
cent  error  in  the  measurement  of  the  candlepower,  and  as  the  instrument 
may  be  used  outdoors,  extreme  temperatures  may  be  unavoidable.  For 
work  of  this  kind  where  accuracy  is  essential,  the  temperature  coefficient 
of  the  instrument  should  be  determined. 

8.  PERMAIVBNCB  OF  CALIBRATION 

Permanent  magnets,  as  now  made  by  careful  makers,  show  a  very 
good  constancy  under  normal  conditions;  that  is,  when  the  magnetic  circuit 
is  properly  designed  '•  and  the  instrument  is  not  roughly  handled  or  abused 
by  exposure  to  strong  magnetic  fields,  extremes  of  temperature,  or  severe 
overloads.*" 

In  the  above  discussion  of  changes  in  magnets  and  springs  it  has 
been  assumed  that  the  windings  of  the  instrument  did  not  change  with 

*  See  discusson  of  this  subject  on  p.  48. 

*  In  several  cases  which  have  been  noted,  a  chance  of  several  per  cent  in  the  indications  of  x>ermanent-magnet  nur^ 
inc-ooil  Instruments  could  only  be  explained  by  the  fact  that  through  improper  connectioos  a  current  many  times  greater 
than  normal  had  been  momentarily  passed  through  the  moving  coil,  thus  permanently  affecting  the  strength  of  tlie 
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time.  This  is  usually  the  case,  but  it  is  preferable  to  check  the  values  of 
resistances  of  instruments  at  intervals  of,  say,  six  months  or  a  year,  de- 
pending on  the  conditions  of  use. 

9.  CONDITIONS  AND  MANNER  OF  USE 

The  result  of  a  measurement  with  indicating  instruments  always 
involves  the  personal  element,  over  which  the  instrument  maker  has  no 
control.  A  few  suggestions  will  now  be  given  in  regard  to  the  care  and  use 
of  instruments. 

(a)  Care  in  Handling. — Electrical  instruments  are  essentially  deli- 
cate; their  operating  forces  are  small,  and  their  accuracy  depends  upon 
great  refinement  of  construction,  especially  in  such  parts  as  pivots  and 
jewel  bearings.  They  shotdd  therefore  be  handled  carefully,  and  not  exposed 
to  unnecessary  vibration,  moisture,  or  extremes  of  temperature.  Portable 
instruments  should  be  placed  on  a  level  support,  and  not  too  near  each 
other,  as  they  may  affect  each  other's  readings  by  i  per  cent  or  more  if 
placed  near  together.  If  cover  glasses  must  be  wiped  clean  before  taking 
readings,  the  observer  should  breathe  on  the  glass  to  dispel  any  static 
charge  which  might  be  present. 

Good  contacts  are  essential  to  accurate  measurements.  This  is  espe- 
cially true  in  the  use  of  millivoltmeters  with  separate  shunts.  There  are 
four  contacts  in  the  connections  between  shunt  and  instrument,  and  the 
resistance  of  the  instrument  is  only  a  few  ohms;  a  corroded  or  dirty  terminal 
or  binding-post  surface  may  introduce  errors  of  several  per  cent." 

(6)  Power  Losses  in  Instruments. — ^When  measurements  of  small 
electrical  quantities  are  made,  for  example,  the  iron  loss  in  a  small  trans- 
former, it  becomes  important  to  avoid  (or  correct  for)  errors  due  to  the 
power  required  to  operate  the  instruments.  For  example,  the  ordinary 
electrod5mamometer  wattmeter  can  be  connected  to  measure  a  load,  either 
with  the  voltage  circuit  in  parallel  with  the  load,  in  which  case  the  reading 
includes  the  power  required  by  the  voltage  circuit  of  the  wattmeter,  or  with 
the  voltage  circuit  connected  on  the  source  side  of  the  wattmeter,  in  which 
case  the  reading  includes  the  power  required  by  the  cturent  circuit  of  the 
wattmeter.  Similar  conditions  arise  in  many  cases  where  several  instru- 
ments are  used  in  a  given  measurement.*' 

A  Stidi  termir  aIs  and  binding  posts  should  be  nidcel  plated,  and  the  maker's  instructions  might  well  lay  more  stress 
«D  the  matter  of  dean  surfaces  and  firm  omnectioas. 

*  Jansky,  Bkctrical  Meters,  ist  edition,  pp.  xz8  and  357:  Taykir,  Blectric  Journal,  t,  p.  476.  1905. 
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Compensated  wattmeters  have  an  auxiliary  series  winding;  when 
properly  constructed  they  avoid  the  necessity  for  correction  for  instrument 
losses. 

Errors  due  to  variations  of  frequency,  when  such  variations  are  rela- 
tively large,  are  best  avoided  by  using  types  of  instrument  which  are  inher- 
ently but  little  affected  by  frequency  changes.  The  same  is  true  of  wave- 
form variation,  which  is,  to  a  certain  extent,  analogous  to  variation  of  fre- 
quency. Fortunately,  the  tendency  of  design  of  modem  alternators  is 
toward  the  sine  wave  form,  and  the  frequency  in  at  least  the  larger  modem 
plants  is  usually  closely  controlled. 

The  error  of  reading  depends  upon  the  construction  of  the  instrument, 
the  skill  of  the  observer,  and  the  steadiness  of  the  quantity  under  measure- 
ment. Precision  indicating  instruments  are  generally  provided  with  an 
index  having  a  flattened  end,  and  a  mirror  beneath  the  pointer  to  avoid  error 
due  to  parallax.  With  a  well-made  instrument  of  this  sort  it  is  possible  for 
a  skilled  observer  to  make  a  reading  to  about  o.i  mm,  or  o.i  division  on  a 
uniformly  divided  scale  of  the  usual  length.  This  refers  to  the  condition  of 
steady  cturent;  on  commercial  circuits,  where  fluctuations  occiu-,  the  pre- 
cision of  reading  is  not  so  good. 

Vn.  NOTES   ON  THE  DESIGN   OF  ELECTRICAL  INSTRUMENTS 
1.  CONFLICTING  REQUIREBIENTS  OF  DESIGN 

In  all  electrical  design  some  compromises  must  be  made.  If  the  attempt 
is  made  to  design  a  transformer  of  given  output  having  very  low  copper 
losses,  it  will  be  found  impossible  to  keep  the  iron  losses  as  low  as  could  be 
done  in  a  better  balanced  design.  If  an  incandescent  lamp  is  designed  to 
operate  at  an  unduly  high  temperatiu-e,  the  life  will  be  short. 

Most  electrical  instruments  have  the  disadvantage  of  small  operating 
forces,  and  thus  not  only  require  very  good  workmanship,  but  more  care 
in  handling  than  many  other  measuring  devices.  If  the  design  is  modified 
so  as  to  increase  the  operating  forces,  the  power  lost  in  the  instrument  may 
be  increased,  thus  increasing  the  correction  which  must  be  made  on  this 
accoimt.  Another  drawback  is  the  increased  heating,  which  tends  to 
introduce  errors. 

2.  EFFECT  OF  SERVICE  CONDITIONS  ON  DESIGN 

The  nature  of  the  service  has  an  important  bearing  on  design.  In 
many  kinds  of  switchboard  instruments  it  is  preferable  to  design  for  relia- 
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bility  and  ruggedness,  even  at  the  expense  of  reducing  the  accuracy,  in  order 
that  the  instruments  may  not  be  damaged  by  handling,  by  vibration,  or 
by  occasional  momentary  short  circuits.  Standard  instruments  for  labora- 
tory* use  must  be  designed  to  give  the  required  degree  of  accuracy.  They 
may  be  more  delicate  than  portable  instruments  and  may  require  greater 
care  in  handling. 

3.  RATIO  OF  TORQUE  TO  WEIGHT  OF  MOVING  ELEMENT 

Even  with  the  most  careful  workmanship  in  pivots  and  jewels,  friction 
can  not  be  entirely  eliminated.  The  springs  should  therefore  be  strong 
enough  to  cause  the  coil  to  take  up  its  proper  position  within  the  minimum 
error  of  reading.  According  to  one  writer  **  the  torque  for  full-scale  deflec- 
tion, expressed  in  centimeter-grams,  should  not  be  less  than  one-sixth  of 
the  weight  of  the  coil  in  grams.  Other  writers  **  give  a  considerably  lower 
minimum  value,  namely,  one-twentieth.  In  both  these  cases  a  deflection 
of  aj)proximately  90°  is  assumed,  this  being  the  usual  full-scale  deflection 
for  most  direct-cmrent  instruments.  In  this  country  it  is  perhaps  more 
usual  to  express  the  torque  of  electrical  instruments  and  meters  in  millimeter- 
grams;  this  gives  a  number  for  the  ratio  of  torque  to  weight  which  is  ten 
times  as  large  as  when  the  centimeter-gram  is  used.  Using  the  millimeter- 
gram,  the  rule  given  by  Janus  becomes  *'  torque  must  not  be  less  than  five- 
thirds  of  the  weight  in  grams,"  and  the  rule  given  by  Heinrich  and  Bercovitz 
becomes  "torque  must  not  be  less  than  half  the  weight  in  grams."  It  is 
desirable  to  keep  the  ratio  of  torque  to  weight  as  high  as  possible,  without 
undidy  sacrificing  other  qualities.  It  shotdd  be  noted  that  an  instrument 
of  very  high  torque  may  be  a  poor  instrument  if  the  high  torque  is  obtained 
by  using  an  excessively  heavy  moving  element. 

It  is  desirable  to  have  a  high  ratio  of  torque  to  weight  in  watthour 
meters,  as  this  tends  toward  good  performance  at  light  load.  In  American 
direct-ctirrent  meters  of  the  Thomson  type,  as  now  made,  this  ratio  ^*  (using 
the  millimeter-gram  and  gram)  will  average  a  little  over  unity;  in  American 
induction  watthour  meters  this  ratio  is  more  favorable,  being  about  two  to 
four  times  as  great  as  for  direct-current  watthour  meters. 

^  Janus,  Elcktrotechnische  Zs..  88«  p.  560;  1905. 

**  Heinrich  and  Bercovitz,  Handbuch  der  Elektrotechnik.  2,  pt.  5,  p.  14. 

*  Fitch  and  Htiber.  Study  of  American  Direct-Current  Watthour  Meters,  Bulletin  of  the  Bureau  of  Standards,  10* 
p.  Z7x;  X91J,  Scientific  Paper  No.  207. 
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4.  PERMANENCY  FACTOR  OF  THE  MAGNETIC  CIRCmT. 

A  general  principle  applying  to  permanent  magnets  used  in  instruments 
and  meters  is  that  the  magnetic  circuit  should  be  as  nearly  closed  as  possible. 
The  following  empirical  relation  was  first  given  numerically  by  Hookham  *• 
in  1888.  He  stated  that  if  A  equal  the  area  of  cross  section  of  the  air  space, 
L  the  distance  between  the  pole  pieces,  a  the  cross  section  of  the  magnet, 
/  the  length  of  the  magnet  (mean  length  of  the  lines  of  force  in  the  permanent 
magnet) ,  then  A-i-L  should  equal  about  70  times  a  •^  /.  This  ratio  of 
A-i-L  to  a-^l  may  be  called  the  permanency  factor  of  the  magnetic  circuit. 
Heinrich  and  Bercovitz  *^  restate  Hookham  *s  formula,  but  say  that  the 
permanency  factor  should  not  be  less  than  100.  In  the  usual  bipolar  con- 
struction of  permanent-magnet  moving-coil  instruments,  L  is  equal  to  the 
sum  of  the  lengths  of  the  two  air  gaps,  or  in  general,  it  is  the  total  length  of 
air  gap. 

The  Hookham  permanency  factor  of  a  magnet  is  a  purely  geometrical 
relation  and  does  not  take  into  account  other  matters  which  aflfect  the  per- 
manency, such  as  composition  of  steel,  heat  treatment,  aging  treatment, 
and  the  flux  density  in  the  finished  magnet.  It  is,  however,  a  useful  guide 
in  design. 

5.  DESIGN  OF  SPIRAL  SPRINGS. 

The  zero  performance  of  a  spring  depends  not  only  on  the  material  and 
method  of  treatment,  but  on  its  dimensions  and  the  angle  through  which  it 
is  twisted  in  use.     Formulas  for  spring  design  "  are  given  by  Janus  and  by 

Edgciunbe. 

6.  MECHANICAL  DETAILS 

The  mechanical  construction  should  be  such  as  to  assure  the  permanent 
relation  to  one  another  of  the  various  parts  of  the  instrument.  The  moving 
parts  should  be  inclosed  in  a  dust-tight  case,  and  for  special  uses  may  have 
to  be  water-tight. 

The  use  of  hard  rubber  in  electrical  instruments  has  the  drawback  of 
causing  corrosion  of  springs  and  fine  wires.  Soft-rubber  tubing  should  be 
avoided,  as  fine  connecting  wires  covered  with  it  are  corroded  by  the  free 
sulphur,  sometimes  resulting  in  open  circuits.  It  is  preferable  to  use 
treated  cotton  sleeving. 

**  On  Pennanent  Magnets,  by  George  Hookham,  Philosophical  Magazine,  fifth  series,  87,  p.  i86;  x889. 

*^  Handbuch  der  Blektrotechnik.  8,  pt.  5.  p.  39. 

*>  Janus.  Elektrotechnische  Zs..  86,  p.  560;  1905.  Bdgcumbe.  Industrial  Electrical  Measuring  Instniments.  p.  z6. 
The  latter  states  that  for  phosphor-bronze  springs  which  are  to  be  deflected  90*  the  length  of  the  spring  must  be  at  leMt 
zsoo  times  its  thickness. 
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(a)  Switchboard  Shunts. — ^The  limitations  as  to  space  and  cost  im- 
posed on  switchboard  ammeter  shmits  apparently  make  it  impractical  to 
design  them  with  the  precautions  which  are  needed  for  precision  work, 
especially  in  shunts  for  large  currents.  In  the  latter,  changes  *•  of  several 
per  cent  in  the  effective  resistance  of  the  shunt  may  sometimes  be  caused  by 
changes  in  the  method  of  attaching  the  copper  bars  to  the  shunt.  Shunts 
for  precision  purposes  should  have  the  terminal  blocks  longer,  so  as  to  make 
the  lines  of  current  flow  more  nearly  parallel  at  the  junction  of  the  terminal 
block  and  the  resistance  metal,  near  which  junction  the  potential  terminals 
should  be  located.  The  same  result  may  be  attained  by  constricting  the 
section  of  the  terminal  block  considerably  between  the  current  terminal  and 
the  potential  terminal.*® 

Vm.  TESTING  OF  ELECTRICAL  MEASURING  INSTRUMENTS 
1.  NECESSITY  FOR  TESTmG  OF  INSTRUMBNTS 

Since  electrical  instruments  which  are  carried  about  and  used  at  times 
under  unfavorable  conditions  are  liable  to  change,  means  should  always  be 
provided  for  their  periodical  testing.  It  is  important  to  check  switchboard 
instnmients,  not  only  when  they  are  received  from  the  maker,  but  also 
regularly  after  they  are  mounted.  This  periodical  checking  should  be  done 
without  dismounting  the  instruments  from  the  positions  in  which  they  are 
used,  in  order  that  their  errors  under  working  conditions  may  be  deter- 
mined. The  portable  instruments  used  in  such  checking  should  be  placed 
so  as  to  be  as  little  exposed  to  stray  field  as  possible.  This  condition  may 
be  shown  to  exist  by  turning  the  portable  instrument  through  180°  and 
noting  that  the  reading  is  not  appreciably  changed  by  the  change  of  position. 
It  has  been  shown  *^  that  the  removal  and  replacement  of  the  pole  pieces 
of  a  direct-current  instrument — ^in  fact,  even  the  tightening  of  the  screws 
that  hold  the  pole  pieces — ^may  aflfect  the  distribution  of  the  magnetic  flux 
SO  that  a  scale  which  fitted  the  instrument  before  the  operation  will  now 
show  appreciable  errors.  It  is  clear  from  this  that  any  mechanical  change, 
adjustment,  or  accident  to  an  instrument  should  be  followed  by  a  test. 

Fimdamental  electrical  standards,  with  a  few  exceptions,  are  for  direct 
current.    The  most  accurate  method   of  measuring  direct  current  and 

*  Rosa,  Tians.  Am.  Inst.  Blec  Eiigineers.  24,  p.  aaj;  1905. 

**  For  A  disctuaioa  of  the  design  of  shunts,  see  Wenner.  Bulletin  of  the  Bureau  of  Standards.  8,  p.  571,  xgtj;  Scientific 
Paper  No.  z8z. 

^  Hdnrich  and  Beroovitz.  Handbuch  der  Elektrotechnik,  8.  pt.  5,  p.  3. 
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voltage  is  by  means  of  a  potentiometer  and  suitable  accessories,  and  no 
laboratory  for  the  precision  checking  of  electrical  instruments  should  be 
considered  complete  without  a  potentiometer  equipment. 

Carefully  calibrated  deflection  instruments  are  extensively  used  where 
the  requirements  are  less  exacting.  A  complete  potentiometer  installation 
IS  expensive  and  for  many  small  laboratories  its  cost  may  be  prohibitive. 
Whatever  type  of  deflection  instrtunent  is  used,  it  is  good  practice  to  have 
a  reserve  instrtunent  to  check  the  working  standard  in  place  from  time  to 
time,  unless  it  is  possible  to  have  the  instruments  tested  in  a  near-by  lab- 
oratory to  which  they  can  be  carefully  transported  by  messenger.  Deflec- 
tion instruments  arranged  to  be  checked  at  one  point  by  rrference  to  a 
standard  cell  are  made  by  foreign  makers.  They  have  one  of  the  advantages 
of  the  potentiometer — namely,  that  of  referring  the  results  to  a  standard 
cell,  which  gives  the  possibility  of  using  several  cells  to  check  one  another. 

2.  POTENTIOMETBRS  AND  THEIR  ACCESSORIES 

(a)  Primary  and  Secondary  Standards. — Primary  standards,  prop- 
erly so  called,  are  not  suitable  for  general  use,  but  are  maintained  in  a  few 
well-equipped  laboratories."  The  instruments  used  to  check  service  instru- 
ments may  properly  be  called  secondary  standards;  they  should  be  checked 
by  a  national  standardizing  bureau,  or  by  such  college  or  other  laboratories 
as  are  prepared  to  do  this  work.  The  secondary  standards  to  be  provided 
by  a  central  station,  public-service  commission,  or  other  user  of  instnunents, 
will  depend  upon  the  number  and  kind  of  service  instruments  to  be  tested, 
and  on  the  natiu-e  of  the  electrical  supply  concerned. 

(6)  PrincipLtE  of  the  Potentiometer. — ^The  potentiometer  is  an 
arrangement  of  resistance  coils  through  which  a  constant  current  is  main- 
tained by  a  storage  cell.  While  the  arrangement  of  coils  may  be  rather 
complicated,  in  principle  it  is  equivalent  to  a  long  wire  of  imiform  resistance 
per  unit  length,  with  two  contacts,  one  or  both  of  which  are  movable.  If 
these  contacts  are  separated,  the  difference  of  potential  between  them  will 
depend  on  the  length  of  the  wire  included  between  them,  on  the  resistance 
per  unit  length,  and  on  the  current  in  the  wire.  By  properly  choosing  the 
latter  two,  the  difference  of  potential  between  the  two  contacts  may  be 
made  an  even  value,  say,  i  millivolt  per  centimeter  of  wire.     The  cturent 

B>  Primary  standards  for  the  United  States  are  maintained  by  the  Bureau  of  Standards  at  Washington;  those  for  Ger- 
many, by  the  Physikaliscb-Technische  Rdchsanstalt  at  Berlin;  for  Bneland.  by  the  National  Physical  Laboratory  at 
Teddington;  those  for  Prance  at  the  Laboratoire  Centrale  d'EIectridte  at  Paris. 
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through  the  wire  is  adjusted  to  the  standard  value  by  setting  the  two  con- 
tacts apart  by  an  amount  equal  to  the  certified  voltage  of  a  standard  cell; 
this  cell  is  connected,  through  a  key  and  a  galvanometer,  in  opposition  to 
the  voltage  between  the  two  contacts.  The  current  is  then  regulated  imtil, 
on  closing  the  key,  the  galvanometer  shows  no  deflection.  The  standard 
cell  may  then  be  removed,  and  an  tmknown  voltage  put  in  its  place  and 
measured  by  moving  the  sliding  contacts  until  the  galvanometer  again 
shows  no  deflection;  the  value  of  the  unknown  voltage  may  then  be  read 
off  from  the  length  of  wire  between  the  contacts. 

The  potentiometer  thus  measures  voltage  in  terms  of  the  electromotive 
force  of  a  standard  cell,  which  is  simply  a  cell  made  of  pure  chemicals  of  such 
nature  as  will  give  a  constant  difference  of  potential  between  its  terminals. 
While  a  measurement  made  with  a  voltmeter  depends  on  the  permanency 
of  the  magnet  and  springs,  which  can  not  be  checked  by  the  user,  the  poten- 
tiometer has  the  great  advantage  that  the  user  can  have  several  standard 
cells,  and  may  readily  substitute  one  for  another  as  a  check,  and  may  com- 
pare the  values  of  standard  cells.  It  is  recommended  that  three  cells  be 
used;  if  two  of  these  agree  but  fail  to  check  with  a  third,  the  two  may  be 
used  while  the  third  is  sent  to  a  standardizing  laboratory  for  test.  A 
further  advantage  of  the  potentiometer  is  that  its  accuracy  depends  only 
on  the  relative  resistances  of  its  coils,  and  these  relative  resistances  may  be 
checked  by  the  user. 

(c)  Standard  Cells. — ^The  most  convenient  standard  cell  for  general 
laboratory  use  is  unquestionably  the  Weston  portable  "  cell  of  the  unsatu- 
rated type,  as  supplied  by  the  Weston  Electrical  Instrument  Co.  These 
cells  should  be  guarded  from  extremes  of  temperature,  and  so  far  as  possible 
no  current  should  be  allowed  to  flow  through  them. 

(d)  Volt  Boxes. — ^The  ftmdamental  range  of  many  potentiometers 
is  o  to  1.5  volts;  the  latter  value  came  into  use  because  it  was  a  round  figure 
slightly  in  excess  of  the  value  of  the  Clark  cell;  it  has  doubtless  been  con- 
tinued because  150-division  instruments  are  much  used,  and  it  is  convenient 
to  have  the  potentiometer  range  agree  numerically  with  that  of  the  instru- 
ments to  be  tested.  It  is  often  convenient  to  have  the  ftmdamental  range 
of  the  potentiometer  slightly  greater  than  1.5  volts.     For  measuring  volt- 

o  The  Weston  "nonnal"  cell  with  saiuraled  solution  and  excess  of  crystals  is  used  by  national  laboratories  because  of 
its  reproducibility.  On  account  of  its  variation  in  electromotire  force  with  temperature,  it  is  not  so  well  adapted  for  general 
use  as  the  unsaturated  cell.  The  Clark  cell  was  formerly  much  used,  but  it  has  an  objectionably  large  temperature  coeffi- 
cient, and  also  a  time  lag  of  electromotive  force  behind  the  temperature.     There  is  little  reason  for  using  it  at  this  time. 
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ages  in  excess  of  the  range  of  the  potentiometer  an  adjunct  called  a  "volt 
box  "  is  almost  miiversally  used.  This  is  simply  a  resistance  box  in  which 
a  high  resistance  is  connected  to  the  line  whose  voltage  is  to  be  measured, 
while  the  potentiometer  is  connected  across  a  definite  fraction  of  the  resist- 
ance, usually  one-tenth,  one-hundredth,  etc.  Ordinary  resistance  boxes 
of  known  value  may  be  used  as  volt  boxes  for  low  voltages,  but  for  the  usual 
direct-ciurent  lighting  and  power  voltages  this  practice  is  not  advisable. 
Volt  boxes  designed  for  the  purpose  shotild  be  used;  they  should  have  a 
sufficient  number  of  coils  to  keep  the  dielectric  stress  per  coil  down  to  a  safe 
value,  and  the  coils,  terminals,  and  other  parts  should  be  properly  spaced 
and  insulated  for  the  maximum  voltage. 

{e)  Measurement  of  Current. — A  direct  current  which  is  to  be  meas- 
ured by  the  potentiometer  is  passed  through  a  suitable  resistance  standard. 
The  potentiometer  is  connected  to  the  potential  terminals  of  the  resistance 
standard  and  measures  the  fall  of  potential  across  these  terminals.  This 
fall  of  potential,  in  volts,  divided  by  the  resistance  of  the  standard  in 
ohms,  gives  the  value  of  the  current  in  amperes.  Resistance  standards 
for  this  purpose  are  usually  made  of  manganin,  and  may  be  air-cooled  or 
oil-cooled.  The  latter  method  of  cooling  is  used  for  the  most  precise  labora- 
tory work,  as  it  not  only  reduces  the  rise  of  temperatiu-e  of  the  shtmt  imder 
load,  but  also  makes  it  possible  to  determine  the  temperature  of  the  resistance 
material  more  accurately.  For  commercial  work,  and  for  some  classes  of 
laboratory  work,  the  air-cooled  (Crompton)  form  of  resistance  standard 
gives  sufficient  acciu-acy,  when  properly  designed,  and  avoids  the  disagree- 
able features  attending  the  use  of  oil.  Resistance  standards  for  measuring 
very  large  currents  may  require  oil  immersion,  not  for  the  sake  of  high 
accuracy,  but  to  reduce  their  dimensions  and  cost. 

For  small  currents  the  resistance  standard  is  usually  made  to  give  i  to 
1.5  volts  drop  at  full  load.  This  brings  the  full-load  reading  well  up  in  the 
range  of  the  potentiometer.  For  large  currents  it  is  advisable  to  use  a 
lower  full-load  drop,  but  the  reduction  of  the  drop  should  not  be  carried  too 
far,  or  both  the  sensitivity  and  the  accuracy  will  be  impaired.  It  has  some- 
times been  stated  that  the  drop  on  the  resistance  standard,  in  precise 
measurements,  can  be  reduced  to  very  small  values,  the  only  limit  being  the 
sensitivity  of  the  galvanometer.  This  is  not  the  case,  for  even  manganin 
resistance  standards  show  slight  thermal  electromotive  forces,  and  such 
electromotive  forces  often  exist  in  the  potentiometer  contacts,  in  the  jtmctions 
of  connecting  leads,  and  in  the  galvanometer.     The  resultant  of  all  these 
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electromotive  forces  introduces  an  error  which  is  proportionately  greater 
the  lower  the  drop  on  the  shunt.  While  it  is  true  that  such  sources  of  error 
may  be  practically  eliminated  even  with  very  low  shunt  drops,  this  procedure 
requires  the  introduction  of  reversing  switches  and  the  multiplication  of  the 
readings  necessary  to  be  taken.  For  this  reason  it  is  advisable  to  have  a 
full-load  drop  of  at  least  o.i  volt,  in  which  case  the  thermal  electromotive 
forces  may  generally  be  neglected. 

It  is  convenient  to  have  two  resistance  standards  of  each  denomination, 
one  for  regular  use  and  one  which  is  used  only  to  check  the  other  at  inter- 
vals. If  the  standards  are  for  immersion  in  oil,  the  reserve  standard  should 
be  immersed  only  at  the  times  when  comparisons  of  the  two  are  made, 
as  the  oil  may  become  contaminated  and  attack  the  manganin,  thus  affect- 
ing the  value  of  the  standards  in  the  course  of  time.  In  case  of  disagree- 
ment, one  of  the  standards  may  be  sent  to  a  standardizing  laboratory 
for  test.  If  the  working  standard  is  accidentally  overloaded,  it  should  be 
compared  with  the  reserve  standard  before  it  is  again  used.  This  compari- 
son may  conveniently  be  made  by  connecting  the  two  standards  in  series, 
passing  a  steady  direct  current  through  them,  and  measuring  with  a  poten- 
tiometer the  drop  across  the  potential  terminals  of  each.  A  quick-throw 
switch  may  be  used  with  advantage  to  shift  the  potentiometer  from  the  one 
to  the  other.  A  Wheatstone  bridge  is  not  suitable  for  comparing  resistance 
standards  of  the  values  ordinarily  used  for  current  measurements. 

(/)  Storage  Battbry  Eqotpment. — ^To  supply  the  current  •*  for  such 
work  as  the  testing  of  ammeters,  it  is  convenient  to  have,  say,  four  storage 
cells  with  switches  for  connecting  them  in  parallel  for  the  maximum  cur- 
rent, in  parallel  series  for  medium,  and  in  series  for  smaller  cturents  and  for 
charging.  A  voltmeter  should  be  provided,  with  a  switch  to  connect  it  to 
each  cell  or  to  the  discharge  circuit.  This  assists  in  determining  the  condi- 
tion of  the  individual  cells.  There  should  be  an  ammeter  in  the  discharge 
circuit,  and  preferably  one  in  series  with  each  cell.  The  scale  of  these 
latter  ammeters  should  have  the  zero  so  located  that  the  maximum  dis- 
charge current  may  be  read  to  the  right  and  the  maximum  charging  current 
to  the  left.  As  the  accuracy  required  of  these  ammeters  is  not  great,  they 
may  be  small  and  inexpensive.  Such  a  set  of  cells  is  also  useful  for  sup- 
pljring  direct  current  to  the  series  coils  of  wattmeters  and  watthour  meters. 

M  The  cnrmt  throui^  the  potenttoneter  thould  be  furnished  by  a  gtorage  cell  used  only  for  that  purpose.  This  ceD 
dKMsld  be  placed  near  the  potentiometer,  and  ihoald  be  weU  insulated.  Such  a  mistake,  for  example,  a«  using  current 
hcan  an  end  cell  of  a  central-station  battery  for  this  purpose  is  liable  to  produce  serious  inaccuiades  in  the  measuremcnti^ 
M  well  as  to  bum  out  parts  of  the  apparatus. 
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For  the  voltage  circuits  of  such  instruments,  and  for  direct-current  volt- 
meters, it  is  desirable  to  have  sets  of  smaller  cells  of  lo  to  40  amperehours 
capacity,  the  number  of  cells  depending  on  the  maximum  voltage  to  be 
supplied,  and  the  amperehour  capacity  depending  on  how  large  a  current 
will  be  drawn  at  one  time,  and  what  degree  of  steadiness  of  the  voltage  is 
required. 

ig)  The  Deflection  Potentiometer. — ^The  kind  of  potentiometer  to 
be  used  will  depend  on  the  nature  of  the  work  to  be  done.  Where  the  most 
refined  precision  is  reqtiired,  and  accurate  measurements  must  be  made  <rf 
very  small  electromotive  forces,  such  as  those  of  thermocouples,  the  poten- 
tiometer should  be  of  the  usual  four-dial  or  five-dial  form,  or  equivalent, 
and  be  used  with  a  reflecting  galvanometer.  With  this  type  of  potenti- 
ometer it  is  difficult  or  impossible  to  make  meastu'ements  on  commercial 
circuits,  and  the  equipment  of  storage  cells  just  referred  to  can  not  be  dis- 
pensed with.  If  the  testing  requires  an  acctu-acy  not  higher  than  cme 
twenty-fifth  of  i  per  cent,  and  is  limited  to  the  testing  of  commercial  elec- 
trical instruments,  some  advantages  may  be  secured  by  using  a  deflection 
potentiometer.  This  potentiometer  measures  the  larger  part  of  the  im- 
known  ciurent  or  voltage  by  the  null  principle,  thus  securing  accuracy 
and  reliability;  the  small  margin  of  the  result  is  read  by  the  deflection  of  a 
pivoted  moving-coil  galvanometer,  thus  securing  quickness  of  reading. 
These  potentiometers,  as  designed  at  the  Bureau  of  Standards,  may  be  iised 
on  commercial  circuits,  as  the  changes  in  current  or  voltage  are  quickly  fol- 
lowed by  the  galvanometer,  which  is  designed  to  be  just  aperiodic,  and 
takes  up  a  new  position  without  oscillation.  Deflection  potentiometers  are 
semiportable,  and  when  necessary  may  be  carried  about  and  used  wherever 
required,  as  they  require  no  special  setting  up  and  adjustment,  as  is  neces- 
sary with  reflecting  galvanometers.  If  the  circuit  is  fairly  steady,  one 
observer  can  read  in  succession  the  instrument  under  test  and  the  deflection 
potentiometer.  If  the  circuit  is  very  tmsteady,  two  observers  may  be  re- 
quired. The  deflection  potentiometer  "  was  designed  at  this  Bureau  for  its 
own  use,  and  also  with  reference  to  the  needs  of  instrument  makers,  central 
stations,  and  public-service  commissions. 

3.  ALTERNATING-  TO  DIRECT-CnRRENT  TRANSFER  INSTRUMENTS 

All  the  preceding  measurements  can  be  referred,  through  standard 
resistances  and  standard  cells,  to  the  international  electrical  units.     For 

**  H.  B.  Brooks.  Bulletin  of  the  Bureau  of  Standards,  8«  p.  395.  19x2;  Scientific  Paper  173. 
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the  testing  of  altemating-ciirrent  instruments  it  is  necessary  to  provide,  in 
addition  to  the  potentiometer  and  its  accessories,  stiitable  transfer  instru- 
ments; that  is,  instruments  which  can  be  calibrated  on  direct  ciurent  and 
used  without  error  (or  with  small  and  determinable  error)  on  alternating 
ciurent.  Electrostatic  and  hot-wire  instruments  can  be  used  for  this  pin*- 
pose,  and  a  recently  introduced  type  employing  the  electromotive  force  of  a 
thermojunction  heated  by  the  passage  of  the  alternating  current  shows 
promise.  The  most  suitable  instruments  for  the  ptu-pose  are,  however,  of 
the  electrodjmamometer  type,  and  for  convenience  of  working  they  should 
usually  be  of  the  pivoted  form,  as  suspension  instruments,  while  indis- 
pensable for  some  ptu-poses,  are  usually  too  troublesome  and  slow  for  com- 
mercial work.  A  portable  electrodynamometer  voltmeter  of  good  con- 
struction, with  suitable  multipliers,  is  a  convenient  transfer  instrument  for 
use  in  checking  voltmeters  of  the  moving-iron  and  the  induction  types.  The 
inductance  of  the  transfer  voltmeter  will  not  usually  cause  an  appreciable 
error  at  any  frequency  used  for  lighting  or  power.  If  tests  are  to  be  made 
at  higher  frequencies,  say  500  cycles,  it  is  necessary  to  know  the  inductance 
of  the  voltmeter  and  to  apply  a  correction  for  it  if  it  is  important  to  obtain 
the  highest  accuracy  possible  with  the  method. 

For  alternating  voltages  in  excess  of  about  750  volts  it  is  preferable  to 
extend  the  range  of  the  transfer  voltmeter  by  using  a  voltage  (potential) 
transformer  instead  of  a  multiplier.  The  ratio  of  such  a  transformer  is 
varied  by  changing  the  secondary  connected  load,  and  hence  it  is  advisable 
to  have  curves  for  the  transformer  showing  its  ratio  from  no  load  to  full 
load  for  the  frequencies  to  be  used. 

For  the  meastuement  of  alternating-current  power,  well-made  electro- 
d3mamometer  wattmeters  should  be  used.  In  the  best  instruments  of  this 
type  the  inductance  of  the  potential  circuit  will  introduce  no  error  of  any 
practical  consequence  except  at  very  low  power  factors.  The  effect  of 
mutual  inductance  in  good  wattmeters  is  inappreciable  at  all  ordinary  fre- 
quencies. The  elBfect  of  eddy  currents  in  badly  designed  wattmeters  is 
usually  more  serious  than  that  of  inductance  in  the  potential  circuit 

When  the  power  of  large  currents  is  to  be  meastued,  it  may  be  necessary 
or  convenient  to  use  a  ciurent  transformer  to  extend  the  current  range  of 
the  transfer  instruments.  At  or  near  tmity  power  factor,  it  is  necessary 
to  know  only  the  ratio  of  transformation  for  the  given  secondary  load  and 
the  frequency.  With  power  factors  appreciably  below  imity,  it  is  also 
necessary  to  take  into  accotmt  the  phase  angle.     (See  p.  26.) 
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For  the  measurement  of  alternating  currents  of  moderate  value,  say 
not  over  200  amperes,  electrod3mamometer  ammeters  are  made  which  may 
be  used  as  transfer  instruments.  For  heavier  ciurents,  a  5-ampere  ammeter 
of  this  type  may  be  used  in  connection  with  a  good  current  transformer  erf 
known  ratio.  In  many  cases  it  may  be  preferable  to  use  a  5-ampere  ammeter 
only,  all  higher  ranges  being  meastu^d  with  the  help  of  ciurent  transformers, 
each  of  which  may  have  several  primary  current  ranges.  It  is  not  necessary 
to  know  the  phase  angle  of  the  current  transformers  for  this  service.  How- 
ever, in  using  a  cturent  transformer  for  any  purpose  requiring  accuracy, 
it  should  be  remembered  that  the  ratio  and  the  phase  angle  vary  not  only 
with  the  secondary  current  and  the  frequency,  but  they  also  depend  on  the 
resistance  and  reactance  of  the  instruments  and  connections  in  the  secondary 
circuit. 

To  supply  large  cmrents  for  testing  altemating-cmrent  ammeters, 
wattmeters,  and  watthoiu"  meters,  transformers  should  be  provided  giving 
low  secondary  voltages,  such  as  2  and  4  or  4  and  8  volts,  depending  on  the 
length  and  size  of  the  current  leads,  the  drop  in  each  instrument  and  the 
number  of  instruments  to  be  in  circuit  at  once.  The  precision  electro- 
djmamometer  ammeters  require  several  volts  (the  amotmt  varying  with  the 
range)  to  pass  full-load  current  through  them.  It  is  advisable  to  have  the 
secondary  voltage  high  enough  to  give  a  little  margin  over  the  anticipated 
requirements. 

It  is  convenient  to  have  indicating  instruments  of  low  cost  and  moderate 
acctu'acy  in  the  test  circuits,  partly  as  a  means  of  roughly  checking  results, 
and  also  to  avoid  overloading  apparatus  and  circuits.  Good  moving-iron 
instruments  are  very  useful  for  this  ptn-pose,  as  they  give  results  correct  to 
within  a  few  per  cent  on  direct  current  and  the  error  certainly  shotild  not 
exceed  i  per  cent  on  alternating  current.  They  are  of  moderate  cost,  so  that 
a  good  assortment  may  be  provided  without  making  a  large  outlay. 

4.  MEASUREMENT  OF  RESISTANCE  AND  FREQUENCY 

A  Wheatstone  bridge  should  be  provided,  and  should  be  kept  set  up 
with  battery  and  galvanometer  ready  for  use.  Measturements  should  be 
made  of  the  resistance  of  voltmeters,  potential  circuits  of  wattmeters, 
multipliers,  volt  boxes,  etc.,  at  the  time  these  are  received  from  the  makers. 
These  values  should  be  recorded,  and  the  resistance  meastn-ements  should  be 
repeated  at  intervals.     Often  a  defective  contact  in  a  key  or  a  loose  wire 
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connection  will  be  detected  by  a  bridge  measurement  before  the  trouble 
becomes  great  enough  to  be  apparent  in  service. 

Defective  contacts  sometimes  occur  in  the  secondary  windings  of  cur- 
rent transformers,  particularly  at  the  binding  posts.  As  such  defective 
contacts  may  seriously  affect  the  performance  of  the  transformer,  a  measure- 
ment of  the  resistance  of  the  secondary  winding  should  always  be  made  before 
testing  the  transformer.  It  should  be  noted  that  this  test  should  be  made 
only  with  a  Wheatstone  bridge,  or  other  device  which  requires  only  a  very 
small  current  through  the  secondary  winding.  If  the  measurement  of 
resistance  were  made  by  passing  a  direct  ciurent  of  several  amperes  through 
the  secondary  winding,  the  iron  core  would  be  magnetized,  and  the  ratio 
and  phase  angle  would  be  affected. 

The  Wheatstone  bridge  is  not  suited  for  very  low  resistance  measure- 
ments, such  as  those  of  ammeter  shunts.  These  may  be  determined  by  using 
a  potentiometer,  as  described  on  page  53.  If  there  is  a  considerable  amount 
of  low  resistance  meastn-ement  to  be  done,  the  use  of  a  Kelvin  double  bridge 
is  more  convenient,  as  the  current  need  not  be  kept  as  constant  as  for  the 
potentiometer  method  for  comparing  resistances. 

For  the  measiu-ement  of  frequency,  instruments  of  the  vibrating-reed 
type  are  very  useful.  They  are  free  from  errors  due  to  variation  of  voltage 
and  wave  form,  which  affect  the  indications  of  most  other  types  of  frequency 
meter,  and  are  thus  well  suited  to  the  laboratory,  where  it  may  be  necessary 
to  vary  the  wave  form. 
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1.  mTRODUCTION 

This  circular  relates  to  those  tests  made  by  the  Bureau  involving  only  the 
precise  measurement  of  resistance  and  electromotive  force.  It  supersedes 
the  corresponding  section  of  Circular  No.  6  (second  edition,  issued  February 
20,  1906).  The  regulations  and  fees  herein  given  will  be  put  into  effect 
March  i,  19 10.  Regulations  regarding  other  electrical  tests  are  given  in 
other  numbers  of  the  Btu'eau  Circular,  for  which  see  page  27. 

Since  the  organization  of  the  Bureau  of  Standards  there  have  been  sub- 
mitted for  test  resistance  standards  and  resistance  apparatus  typifying  the 
standard  design  and  methods  of  construction  adopted  by  the  leading  Ameri- 
can and  £tu-opean  manufacturers.  The  Btu'eau  is  equipped  with  such 
standard  apparatus  and  also  with  special  apparatus  designed  for  work  of 
the  highest  precision,  further  typifying  the  best  methods  of  construction. 
The  experience  gained  in  its  use  and  in  the  testing  work  has  indicated  the 
desirability  of  adopting  specifications  for  all  apparatus  submitted  for  certi- 
fication. In  many  cases  a  precision  even  greater  than  warranted  by  the 
best  construction  and  far  greater  than  that  required  in  the  work  for  which 
the  apparatus  was  to  be  employed  has  been  requested.  These  questions 
will  be  more  fully  discussed  below.  The  experience  thus  gained  has  led  to  a 
classification  of  tests  with  respect  to  accuracy,  based  on  the  construction  of 
the  apparatus  as  well  as  on  the  work  in  which  it  is  to  be  employed,  and 
standard  tests  have  been  provided  for  most  classes  of  apparatus.    In  many 
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cases  two  grades  have  been  deemed  adequate,  one  for  the  highest  commercial 
accuracy  and  the  other  for  all  scientific  work  except  special  research  in  which 
the  accuracy  of  the  remaining  data  entering  into  the  result  justifies  a  still 
higher  accuracy. 

In  such  cases  the  Bureau  will  be  glad  to  cooperate  with  investigators,  not 
only  in  providing  for  tests  of  the  highest  precision,  but  also,  on  request,  in 
furnishing  any  information  at  its  disposal  in  reference  to  methods  of  meas- 
urement and  the  design  and  construction  of  special  apparatus.  The  Bureau 
has  extended  a  similar  offer  to  manufacturers  of  electrical  apparatus,  with 
whom  the  most  cordial  relations  have  already  been  established. 

2.  THE  INTERNATIONAL  ELECTRICAL  UNITS 

The  rapid  development  of  the  electrical  industries,  and  the  many 
improvements  in  the  construction  of  electrical  standards,  electrical  meas- 
uring apparatus,  and  methods  of  measurement,  have  together  imposed 
increasing  demands  for  accuracy  in  the  imits  in  terms  of  which  electrical 
quantities  are  expressed. 

The  efforts  which  had  been  made  in  this  direction  previous  to  1900 
were  fully  set  forth  in  a  paper  presented  to  the  St.  Louis  International 
Electrical  Congress  in  1904.*  This  congress,  recognizing  the  discrepancies 
in  the  laws  of  the  countries  represented,  recommended  that  all  matters 
relating  to  units  of  measurement  be  referred  to  an  international  commis- 
sion which  might,  in  the  first  instance,  be  appointed  by  those  countries  in 
which  legislation  had  already  been  enacted,  and  the  hope  was  fiuther 
expressed  that  the  commission  might  become  a  permanent  one. 

In  accordance  with  the  provision  of  the  above  resolution,  an  interna- 
tional conference  was  held  in  BerUn  in  1905,  at  which  England,  France, 
Austria,  Belgium,  and  the  United  States  were  represented.  Certain  recom- 
mendations were  adopted,  which  it  was  agreed  to  propose  for  adoption  to  a 
congress  in  which  all  the  leading  countries  were  represented. 

On  behalf  of  England  a  call  was  therefore  issued  for  an  International 
Conference  on  Electrical  Units  and  Standards,  which  met  in  London  in 
October,  1908,  and  by  which  the  foUowiijg  resolutions  were  adopted. 

I.  The  conference  agrees  that  as  heretofore  the  magnitude  of  the  fundamental  electric  units 
shall  be  determined  on  the  electro-magnetic  system  of  measurement  with  reference  to  the  cenii' 
meter  as  the  unit  of  length,  the  gram  as  the  unit  of  mass,  and  the  second  as  the  unit  of  time. 

These  fundamental  units  are  (1)  the  ohm,  the  unit  of  electric  resistance  which  has  the  value 
of  I  000000000  in  terms  of  the  centimeter  and  second;  (2)  the  ampere,  the  unit  of  electric 
current  which  has  the  value  of  one-tenth  (o.i)  in  terms  of  the  centimeter,  gram,  and  second; 
(3)  the  volt,  the  unit  of  electromotive  force  which  has  the  value  100  000  000  in  terms  of  the  centi- 
meter, the  gram,  and  the  second;  (4)  the  watt,  the  unit  of  power  which  has  the  value  10  000  000  in 
terms  of  the  centimeter,  the  gramme,  and  the  second. 

II.  As  a  system  of  units  representing  the  above  and  sufficiently  near  to  them  to  be  adopted 
for  the  purpose  of  electrical  measurements  and  as  a  basis  for  legislation,  the  conference  recom- 
mends the  adoption  of  the  international  ohm,  the  international  ampere,  and  the  international 
volt  defined  according  to  the  following  definitions: 

III.  The  ohm  is  the  first  primary  unit. 

IV.  The  international  ohm  is  defined  as  the  resistance  of  a  specified  column  of  mercury. 

v.  The  international  ohm  is  the  resistance  offered  to  an  unvarjring  electric  current  by  a 
column  of  mercury  at  the  temperature  of  melting  ice,  14.4521  grams  m  mass,  of  a  constant 
cross-sectional  area  and  of  a  length  of  106.300  centimeters. 

To  determine  the  resistance  of  a  column  of  mercury  in  terms  of  the  international  ohm,  the 
procedure  to  be  followed  shall  be  that  set  out  in  Specification  I  attached  to  these  resolutions. 

VI.  The  ampere  is  the  second  primary  unit. 
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VII.  The  iniemaHonal  ampere  is  the  unvarying  electric  current  which,  when  passed  through, 
a  solution  of  nitrate  of  alver  in  water,  in  accordance  with  the  Specification  II  attached  to  these 
resolutions,  deposits  silver  at  the  rate  of  0.00 1 1 1800  of  a  gram  per  second. 

VIII.  The  international  volt  is  the  electrical  pressure,  which,  when  steadily  applied  to  a 
conductor  whose  resistance  is  i  international  ohm,  will  produce  a  current  of  i  international  ampere. 

IX.  The  iniemaHonal  -watt  is  the  energy  expended  per  second  by  an  unvarying  electric 
^current  of  i  international  ampere  under  an  etectric  pressure  of  i  international  volt. 

The  drafting  of  detailed  final  specifications  was  referred  to  a  permanent 
commission  and,  pending  its  appointment,  to  an  international  scientific  com- 
mittee of  15,  appointed  by  the  president  of  the  conference,  Lord  Kayleigh. 
In  addition  to  the  resolutions,  the  following  recommendations  were  adopted. 

In  cases  in  which  it  is  not  desired  to  set  up  the  standards  provided  in  the  resolutions  the 
conference  recommends  the  following  as  working  methods  for  the  realization  of  the  international 
ohm,  the  ampere,  and  the  volt: 

1.  For  the  international  ohm. — ^The  use  of  copies,  constructed  of  suitable  material  and  of  suitable 
form  and  verified  from  time  to  time,  of  the  international  ohm,  its  multiples  and  submultiples. 

2.  For  the  international  ampere. — {a)  The  measurement  of  current  by  the  aid  of  a  current 
balance  standardized  by  comparison  with  a  silver  voltameter;  or  (6)  The  use  of  a  Weston  normal 
cell  whose  electromotive  force  has  been  determined  in  terms  of  the  international  ohm  and  inter- 
national ampere,  and  of  a  resistance  of  known  value  in  international  ohms. 

3.  For  the  international  volt. — (a)  A  comparison  with  the  difference  of  electrical  potential 
between  the  ends  of  a  coil  of  resistance  of  known  value  in  international  ohms,  when  carrying  a  cur- 
rent of  known  value  in  international  amperes;  or  ^6)  the  use  of  a  Weston  normal  cell  whose  elec- 
tromotive force  has  been  determined  in  terms  of  the  international  ohm  and  the  international  ampere. 

The  conference  has  considered  the  methods  that  should  be  recommended  to  the  governments 
for  securing  uniform  administration  in  relation  to  electrical  units  and  standards,  and  expresses  the 
opinion  that  the  best  method  of  securing  uniformity  for  the  future  would  be  by  the  establishment 
of  an  international  electrical  laboratory  with  the  duties  of  keeping  and  maintaining  international 
electrical  standards.  This  laboratory  to  be  equipped  entirely  mdependently  of  any  national 
laboratorv. 

1.  The  conference  recommends  that  the  various  governments  interested  establish  a  permanent 
international  commission  for  electrical  standards. 

2.  Pending  the  appointment  of  the  permanent  international  commission  the  conference  recom- 
mends (i)  that  the  president.  Lord  Rayleigh,  nominate  for  appointment  by  the  conference  a 
scientific  committee  of  15  to  sulvise  as  to  the  organization  of  the  permanent  commission,  to  for- 
mulate a  plan  for  and  to  direct  such  work  as  may  be  necessary  in  connection  with  the  maintenance 
of  standards,  fixing  of  vaJues,  intercomparison  of  standards,  and  to  complete  the  work  of  the 
conference.     Vacancies  on  the  committee  to  be  filled  by  cooptation. 

3.  That  laboratories  equipped  with  facilities  for  precise  electrical  measurements  and  investi- 
gations should  be  asked  to  cooperate  with  this  committee  and  to  carry  out,  if  possible,  such  work 
as  it  may  desire. 

4.  The  committee  should  take  the  proper  steps  forthwith  for  establishing  the  permanent  com- 
mission, and  are  empowered  to  arrange  for  the  meeting  of  the  next  conference  on  electrical  units 
and  standards,  and  the  time  and  place  of  such  meeting  should  this  action  appear  to  them  to  be 
deshable. 

A  careful  inspection  of  the  definitions  shows  that  two  distinct  systems  of 
units  are  defined — ^the  ** practical  units"  of  the  absolute  electro-magnetic 
system,  and  the  concrete  imit^  of  the  international  system,  "representing 
the  above,  and  suflSciently  near  to  them  to  be  adopted  for  the  purpose  of 
electrical  measurements,  and  as  a  basis  for  legislation."  This  is  necessi- 
tated by  the  fact  that  at  the  present  time  the  accuracy  of  the  absolute  meas- 
urements required  to  realize  the  units  of  the  first  system  is  considerably 
exceeded  by  the  accuracy  of  reproduction  of  concrete  standards  from  prop- 
erly drawn  specifications. 

The  international  ohm  and  ampere  were  selected  as  primary  tmits,  but 
while  general  agreement  was  easily  reached  in  regard  to  specifications  for 
the  construction  of  merciuial  resistance  standards,  the  disagreement  of 
results  of  different  investigators  and  even  of  the  same  investigator  made  it 
impossible  to  adopt  specifications  for  the  silver  coulometer,  as  the  cause  or 
causes  of  the  discrepancies,  amoimting  to  several  hundredths  per  cent,  were 
not  known. 
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The  adoption  of  a  definite  value  for  the  electrochemical  equivalent, 
0.00111800  gram  per  second  per  imit  current,  still  leaves  both  the  inter- 
national ampere  and  the  international  volt  tmcertain  to  the  above  extent. 
This,  together  with  the  high  accuracy  attainable  in  the  reproduction  of 
the  Weston  standard  cell,  has  stood  in  the  way  of  the  acceptance  of  the 
value  provisionally  adopted  by  the  London  conference  for  the  electro- 
motive .force  of  the  cell,  1.0184  volts  at  20°  C.  This  difficulty  would  have 
been  obviated  by  the  selection  of  the  volt  instead  of  the  ampere  as  the 
second  fundamental  imit,  which  would  merely  have  required  the  adoption 
of  a  particular  value  for  the  Weston  cell,  as  was  advocated  by  the  Bureau  of 
Standards. 

Arrangements  have,  however,  been  made  by  the  international  scien- 
tific committee  to  investigate  the  questions  at  issue  by  cooperative  work, 
to  be  imdertaken  by  representatives  of  the  Physikalisch-Technische  Reichs- 
anstalt,  the  National  Physical  Laboratory,  of  England,  the  Laboratoire 
Central  d'Blectricit^,  and  the  Bureau  of  Standards,  dining  the  spring  of 
1 9 10,  in  the  laboratories  of  the  Bureau  of  Standards,  and  it  is  hoped  that, 
with  the  preliminary  work  in  which  the  institutions  cooperating  are  now 
engaged,  agreement  can  be  reached  as  to  the  details  of  the  spmfications 
and  the  numerical  value  to  be  adopted  for  the  Weston  normal  cell.  The 
international  scientific  committee  has  agreed  to  recommend  that  no  ftuther 
l^islation  be  enacted  tmtil  the  cooperative  work  has  been  completed. 

3.  REFBRBNCB  STANDARDS  AND  WORS3NO  STANDARDS 

A.  RS8I8TANCB 

Since  the  organization  of  the  Bureau  all  resistance  measurements  have 
been  referred  to  a  considerable  ntunber  of  i  ohm  and  o.i  ohm  precision 
standards  of  the  Rdchsanstalt  design,  verified  from  time  to  time  at  that 
institution.  Beginning  July  i,  1909,  these  were  replaced  by  standards 
embodying  the  same  principles  of  construction,  but  sealed  to  eUminate  the 
influence  of  atmospheric  hiunidity,  as  pointed  out  below. 

The  resistance  material  employed  for  standards  is  manganin,  a  copper- 
manganese-nickel  alloy,  one  of  a  series  first  developed  by  Dr.  Edward 
Weston,  which  is  distinguished  for  the  very  small  change  in  resistance 
exhibited  with  a  change  in  its  temperature,  and  for  its  small  thermoelec- 
tromotive  force  against  copper,  as  well  as  its  superior  constancy. 

For  standards  of  o.i  ohm  or  more,  silk  covered  manganin  wire  is  em- 
ployed, hard  soldered  to  copper  lugs,  which  in  ttun  are  soldered  to  copper 
terminals.  The  wire  is  wound  in  a  single  layer  on  a  brass  tube,  first  covered 
with  shellacked  silk  gauze.  After  the  wire  is  in  place,  the  coil  is  shellacked 
and  baked  for  at  least  ten  hours  at  a  temperature  of  140®  C. 

For  standards  of  o.oi  ohm  or  less,  sheet  manganin,  hard  soldered  to 
the  terminal  lugs,  is  employed.  The  resistance  material  is  in  short  lengths 
so  that  no  further  support  is  required.  It  is  covered  with  a  varnish  to  pro- 
tect the  alloy  from  the  action  of  the  atmosphere. 

The  standards  of  all  denominations  are  provided  with  copper  terminals 
amalgamated  at  the  ends,  located  diametrically  opposite  each  other,  extend- 
ing stiflBciently  beyond  the  case  and  above  the  center  of  gravity  so  that  the 
standards  can  be  hung  in  merciuy  cups,  through  which  electrical  connec- 
tions are  made.     In  addition,  the  standards  of  the  lower  denominations  are 
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provided  with  potential  terminals  so  that  comparisons  may  be  made  by  the 
various  methods  which  eliminate  the  errors  due  to  contact  resistances. 

The  standards  are  designed  for  oil  immersion,  the  oil  serving  to  carry 
away  the  heat  developed  by  the  current  passing  through  the  coil,  and  facili- 
tating the  regulation  and  meastu'ement  of  the  temperatin-e. 

The  heat  developed  increases  the  temperature  of  the  resistance  material 
above  that  of  the  bath  in  which  it  is  immersed  approximately  i  ®  C  per 
watt  for  o.i  ohm  and  i  ohm  standards  of  the  above  design.  In  air,  the 
increase  in  temperature  is  at  least  five  times  larger.  The  temperatiffe 
increase  for  standards  below  o.i  ohm  is  generally  not  over  0.25®  per  watt 
in  oil,  depending  upon  the  surface  area  of  the  resistance  material. 

The  baking  referred  to  above  leaves  the  standard  free  from  alcohol  and 
moisture.  On  exposiwe  to  atmosphere  or  oil  at  ordinary  temperatures,  the 
shellac  used  in  insulating  and  protecting  the  winding  absorbs  moisture  until 
an  equilibrimn  condition  is  established  with  the  moisture  content  of  the 
atmosphere  or  oil.  Any  changes  in  the  hmnidity  of  the  atmosphere  or  oil 
will  be  followed,  though  slowly,  by  corresponding  changes  in  moisture  con- 
tent of  the  shellac.  As  the  humidity  of  the  atmosphere  changes  with  the 
seasons,  the  amount  of  moisture  in  the  shellac  will  also  vary  with  the  seasons 
tmless  some  means,  such  as  hermetical  sealing,  is  provided  to  eliminate  the 
effect.  Changes  in  the  amount  of  moisture  in  the  shellac  change  its  volume, 
and  changes  in  the  volmne  alter  the  tension  and  dimensions  of  the  wire  and 
consequently  the  electrical  resistance  of  the  standard.  The  absorption  of 
moisture  by  the  shellac  thus  accoimts  for  the  seasonal  changes  observed 
and  also  in  part  for  the  increase  in  the  resistance  of  comparatively  new 
standards. 

The  0.1  and  i  ohm  standards  are  usually  more  constant  than  those  of 
other  denominations.  Here  the  wire  is  of  such  a  size  that  the  expansion 
of  the  shellac  can  produce  but  a  slight  stretching,  and  the  surface  action  is 
less  than  with  standards  in  which  wires  of  smaller  diameter  or  thin  sheets 
are  employed.  Standards  of  these  denominations  seldom  show  a  change  of 
more  than  0.003  P^  c^^^  P^  y^ar  after  the  first  year,  and  the  seasonal 
changes  are  small,  usually  not  exceeding  0.002  per  cent  for  i  ohm  standards 
imder  ordinary  conditions. 

Sealed  standards. — ^The  constancy  of  manganin  resistance  standards 
may  be  very  materially  increased  by  sealing  them  in  cases  containing  a 
good  grade  of  oil  free  from  moistiwe.  This  matter  is  fully  discussed  in 
Reprints  Nos.  73  and  107  from  the  Bulletin  of  the  Bureau  of  Standards, 
copies  of  which  will  be  sent,  on  request,  to  those  interested.  The  sealed 
standards  of  the  Bureau,  which  have  been  developed  as  a  result  of  this 
investigation,  embody  the  essential  principles  of  the  Reichsanstalt  design, 
differing  only  in  the  dimensions  and  in  the  case  being  sealed  and  filled  with 
carefully  dried,  high-grade  petrolemn.  The  cases  are  approximately  4  cm 
in  diameter  and  12  cm  high,  and  the  distance  between  the  centers  of  the 
terminals  is  7.7  cm,  thus  reducing  the  dimensions  of  the  comparing  bath. 
In  meastu'ements  of  the  very  highest  precision,  made  in  a  regulated  oil 
bath,  the  time  required  to  reach  temperature  equilibrium  is  considerably 
reduced  by  the  smaller  dimensions.     In  most  cases,  no  oil  bath  is  required. 

Since  July  i ,  1909,  the  reference  standards  of  the  Btu-eau  have  consisted 
of  at  least  five  i-ohm  coils  of  the  sealed  type.  These  are  compared  with 
each  other  and  with  the  standards  which  have  heretofore  been  employed  to 
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detect  any  relative  changes.  The  construction  of  primary  mercurial  resist- 
ance standards  is  well  under  way,  and  when  completed  the  results  will  be 
compared  with  those  of  other  national  laboratories.  The  plan  of  cooper- 
ation outlined  at  the  London  International  Electrical  Coirference  of  1908 
will,  it  is  hoped,  soon  be  put  into  effect  so  that  the  unit  of  resistance  of  all 
the  institutions  will  be  made  identical  by  giving  proper  weight  to  the  results 
obtained  by  each.  Until  then  the  values  adopted  for  the  reference  stand- 
ards will  be  expressed  as  heretofore  in  terms  of  the  primary  mercurial  stand- 
ards of  the  Reichsanstalt. 

Working  standards. — Decimal  multiples  and  submultiples  of  the  inter- 
national ohm  are  represented  by  at  least  two  working  standards  of  each 
denomination,  referred  from  time  to  time  to  the  reference  standards.  The 
multiples  of  the  unit  are  of  the  sealed  type,  and  the  submultiples  of  the 
Reichsanstalt  design.  The  latter,  as  also  the  units,  are  provided  with 
potential  terminals. 

B.  ELECTROMOTIVE  FORCE 

Standard  cells. — ^The  standards  of  electromotive  force  of  the  Bufeau 
consist  of  a  considerable  number  of  Weston  normal  cells  constructed  in 
accordance  with  the  preliminary  specifications  described  in  Reprint  No.  67 
from  the  Bulletin  of  the  Bureau  of  Standards.  These  are  maintained  at 
25®  C  in  automatically  regulated  petroleum  baths  practically  all  the  time, 
except  during  the  summer  months,  when  auxiliary  cooling,  which  occasionally 
fails,  must  be  employed. 

The  mean  value  taken  for  the  reference  cells  is  based  on  the  value 
adopted  at  Chicago  in  1893  for  the  Clark  cell,  set  up  in  accordance  with  the 
specifications  adopted  shortly  after  the  Chicago  congress,  namely,  1.434 
volts  at  15°  C.  Such  cells  are  found  to  have  a  value  higher  by  0.0003  volt 
than  Clark  cells  set  up  with  specially  prepared  or  treated  mercurous  sulphate. 
Assuming  the  temperature  formula  foimd  at  the  Physikalisch-Technische 
Reichsanstalt,  the  value  of  the  Clark  cell  set  up  with  properly  prepared  mer- 
curous sulphate  on  the  same  basis  was  taken  by  the  Bureau  as  1.42 no 
international  volt  at  25°. 

On  this  basis,  the  mean  value  for  the  Weston  normal  cell  has  been  found 
to  be  1. 01890  volt  at  25®,  or  1.01913  at  20°.  The  change  in  electromotive 
force  with  temperature  is  given  by  the  formula 

E^^E^  —  0.0000406  (/  —  20°)  —  0.00000095  (/  —  20°)*  -h  O.OOOOOOOI  (/  —  20°)' 

adopted  by  the  London  International  Electrical  Conference  of  1908. 

The  above  value  of  the  Weston  normal  cell  is  identical  within  the 
Umits  of  accuracy  of  reproduction  with  that  heretofore  employed  by  the 
Bureau  of  Standards,  and  will  be  retained  until  a  satisfactory  agreement 
has  been  reached  by  which  strict  international  uniformity  will  be  secured. 

The  value  for  the  Weston  normal  cell  used  in  England  prior  to  the  Inter- 
national Electrical  Cqpference  of  1908  was  1.0193,  at  20°  C.  Since  January 
I,  1909,  the  value  used  in  England  has  been  1.0184  at  20°  C.  The  value 
used  in  Germany  is  1.0186  at  20°  C  for  the  older  Weston  cells,  or  1.0185 
for  those  set  up  with  mercurous  sulphate  prepared  according  to  methods 
recently  developed. 
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4.  ACCURACT  RBQUIRBD  FOR  VARIOUS  CLASSES  OF  WORK 

The  increased  application  of  electrical  methods  to  many  classes  of  physical 
measurements,  and  the  more  rigorous  specifications  for  certain  classes  of 
commercial  electrical  apparatus,  have  created  a  demand  for  more  precise 
electrical  measurements.  As  the  sensibility  is,  however,  usually  high,  the 
measurements  are  frequently  being  made  to  a  precision  which  is  not  justified 
by  the  needs  of  the  work  or  by  the  apparatus  used.  It  therefore  seems 
desirable  to  point  out  some  of  the  more  obvious  limitations. 

The  users  of  apparatus  for  the  measurement  of  resistance  and  electro- 
motive force  may  be  grouped  roughly  into  two  classes — (i)  those  engaged 
in  imiversity  work  and  in  other  research  and  testing  laboratories,  or  in  the 
manufacture  of  standards  and  measuring  apparatus,  and  (2)  those  engaged 
in  commercial  work.  Among  the  latter  are  the  manufacturers  of  dynamo- 
electric  machinery,  power  supply,  telegraph  and  telephone  companies, 
refiners  of  copper  and  aluminum,  wire  manufacturers,  etc. 

In  some  classes  of  work,  particularly  in  connection  with  laboratory 
instruction  in  our  technical  schools  and  colleges,  where  the  aim  is  to  familiar- 
ize the  student  with  the  methods  of  electrical  measurement  and  impress  him 
with  the  precision  attainable,  relative  accuracy  is  obviously  the  principal 
requirement,  as,  for  example,  in  the  comparison  of  two  nearly  equal  resistances. 
This  is  the  sole  requirement  when  the  ratio  of  two  quantities  is  determined 
from  the  ratio  of  two  resistances,  as,  for  example,  in  the  comparison  of  electro- 
motive forces  or  resistances  by  the  potentiometer.  For  absolute  accuracy 
the  values  of  the  various  quantities  entering  into  the  result  must  be  known 
in  terms  of  the  international  electrical  units,  except  where  the  ratio  of  two 
quantities  of  the  same  kind  is  involved,  as  in  the  ratio  coils  of  a  Wheatstone 
bridge  and  in  resistance  thermometry.  As  pointed  out  in  this  circular,  the 
fundamental  international  electrical  units,  the  ohm  and  ampere,  are  not  at 
present  fixed  to  better  than  0.002  and  o.oi  per  cent,  respectively,  while  their 
relation  to  the  corresponding  absolute  units  is  even  more  uncertain. 

The  accuracy  of  reproduction  of  the  standard  cell  being  approximately 
the  same  as  that  of  the  mercury  ohm,  the  limit  to  the  accuracy  to  which 
results  can  be  expressed  in  terms  of  these  concrete  standards,  assigning  a 
particular  value  for  the  standard  cell,  may  be  taken  as  0.002  per  cent. 

In  precision  work  an  accuracy  of  o.oi  per  cent  is  to  be  considered  fully 
adequate.  To  secure  even  this  precision  the  work  must  be  done  with  well 
designed  apparatus  suitable  for  the  particular  work.  Corrections  must  be 
applied  for  change  of  values  or  indications  with  temperature,  and  in  addition 
the  apparatus  must  be  checked  from  time  to  time  with  reliable  reference 
standards.  The  changes  between  comparisons  are  frequently  large  and  are 
very  often  overlooked,  the  agreement  between  repeated  measurements  of  the 
same  quantity  being  taken  as  a  measure  of  the  absolute  accuracy  of  the  result. 

The  Grade  A  tests  listed  below  are  provided  for  this  class  of  work,  certi- 
fications being  made  to  a  maximum  accuracy  of  0.005  P^r  cent  for  resistance 
standards  and  o.oi  per  cent  for  other  resistance  apparatus  complying  with 
the  specifications  given  below.  However,  in  cases  where  only  relative  values 
are  required,  these  will  be  given  to  a  precision  not  greater  than  0.00 1  per 
cent,  the  limit  being  determined  by  the  construction  and  design  of  the 
apparatus.     It  is  recommended  that  such  apparatus  be  designed  so  as  to 
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make  possible  a  complete  intercalibration  without  the  aid  of  much  accessory 
apparatus,  as,  for  example,  in  some  decade  rheostats  and  potentiometers 
where  the  separate  coils  of  each  decade  can  be  intercompared  and  the 
decades  intercompared  by  a  comparison  of  the  ten  coils  of  one  decade  with 
the  first  coil  of  the  next  higher  decade.  Apparatus  will  not  be  tested  to  a 
higher  acciu'acy,  except  in  special  cases  noted  above,  page  4. 

In  commercial  work  an  accuracy  greater  thau  o.i  per  ceiit  is  seldom 
sought  and  less  frequently  attained  on  account  of  the  tmiavorable  condi- 
tions under  which  the  measurements  must  generally  be  made;  for  example, 
temperature  uncertainty,  fluctuation  of  the  quantity  to  be  measiu-ed,  limi- 
tations to  the  accuracy  of  deflection  instruments,  etc.  Apparatus  employed 
for  this  class  of  work  should,  therefore,  be  tested  to  an  accuracy  sufficient 
to  give  the  result  to  within  o.i  per  cent  under  favorable  conditions  and 
when  the  apparatus  is  suitable  for  the  purpose  for  which  it  is  employed. 
This  requirement  is  fully  met  by  the  Grade  B  tests  listed  below,  the  limit  of 
acciuncy  being  fixed  at  0.025  per  cent.  Resistance  apparatus  adjusted  to 
give  this  accuracy  can  be  obtained  from  a  number  of  makers,  thus  rendering 
unnecessary  the  application  of  corrections.  Even  for  this  class  of  work 
the  purchase  of  high-grade  apparatus  is  recommended,  since  its  increased 
cost  is  more  than  offset  by  its  greater  reliability  as  well  as  the  time  saved  in 
its  use.  Provision  has  been  made  by  the  Bureau  of  Standards  for  checking 
such  apparatus,  at  a  reduced  fee,  to  determine  whether  the  specifications 
have  been  compUed  with;  in  this  case  the  corrections  found  are  not  given. 
However,  in  view  of  large  changes  frequently  observed,  partictilarly  in  coils 
of  1000  ohms  and  above,  even  the  highest  grade  apparatus  should  be  checked 
from  time  to  time.  In  many  cases  other  resistance  apparatus  is  available, 
and  in  some  cases  the  coils  may  be  intercompared,  thus  checking  any  rela- 
tive changes.  In  the  absence  of  adequate  checks  the  apparatus  should  be 
submitted  periodically  to  some  standardizing  laboratory. 

5.  CLASSIFICATION  OF  TESTS 

A.  PRBCI8ION   RBSI8TANCB  STANDARDS-ACCURACT,  ORADB  A 
See  Fee  Schedule  71,  9.  27 

Standards  submitted  for  certification  as  precision  standards  must  satisfy 
the  following  requirements: 

(i)  Standards  must  be  adjusted  to  within  o.i  per  cent  of  the  following 
nominal  values  in  international  ohms:  i,  2,  3,  4,  5,  and  their  decimal  mul- 
tiples up  to  and  including  100  000  ohms,  together  with  the  decimal  sub- 
multiples  of  the  tmit,  down  to  and  including  o.oooi  ohm. 

(2)  Standards  must  be  of  approved  design  and  construction  and  must 
embody  the  main  features  of  the  Reichsanstalt  type,  already  described, 
and  generally  adopted  by  the  leading  manufacturers. 

(3)  The  resistance  material  must  be  distinguished  by  its  constancy. 
Its  change  in  resistance  with  temperature  must  not  exceed  30  parts  per 
milUon  per  degree  centigrade  at  25°  C,  and  its  thermoelectromotive  force 
against  copper  must  be  small. 

(4)  To  facilitate  the  measurement  and  control  of  the  temperature,  the 
standard  must  be  so  designed  that  it  can  be  compared  in  an  oil  bath. 

(5)  In  coils  of  I  ohm  and  above,  the  resistance  material  should  be  in 
the  form  of  wire  of  suitable  size  closely  woimd  on  a  hollow  supporting  cylin- 
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der,  and  should  cover  a  surface  of  at  least  40  square  centimeters  area.  In 
standards  below  o.i  ohm  sheet  metal  is  usually  employed.  The  surface 
must  be  suflSciently  large,  so  that  the  heat  developed  by  the  test  current 
does  not  cause  a  rise  in  temperature  of  the  resistance  material  above  that 
of  the  oil  bath  in  which  it  is  used  of  more  than  0.25°  C  per  watt. 

(6)  Standards  of  o.i  ohm  and  below  must  be  provided  with  potential 
terminals,  so  that  all  connecting  resistances  can  be  eUminated.  This  con- 
struction is  also  recommended  for  i-ohm  coils.  The  resistance  in  each 
potential  lead  should  not  exceed  o.ooi  ohm,  to  faciUtate  measurements  by 
the  Kelvin  double-bridge  method. 

(7)  If  the  resistance  material  is  affected  by  atmospheric  influences,  it 
must  be  covered  with  a  suitable  protecting  varnish. 

(8)  The  standard  must  be  provided  with  suitable  copper  terminals, 
projecting  at  least  1.5  cm  beyond  the  edge  of  the  case,  for  making  electrical 
connections  and  for  supporting  it  in  mercmy  cups. 

(9)  Standards  having  a  resistance  of  over  20  000  ohms  must  be  sub- 
divided and  have  not  over  20  000  ohms  per  section. 

(10)  New  standards  must  be  accompanied  by  a  statement  concerning 
the  resistance  material  used  and  the  date  and  process  of  aging. 

Standards  submitted  for  certification  will  be  compared  with  or  referred 
to  at  least  two  of  the  working  standards  of  the  Bureau.  The  measurements 
will  be  made  in  an  oil  bath  and  by  the  Wheatstone  bridge  or  by  the  Kelvin 
double-bridge  method. 

The  values  will  generally  be  given  to  o.ooi  per  cent,  but  will  in  no  case 
be  certified  to  an  accuracy  greater  than  0.005  P^  cent.  This  limit  is  deter- 
mined by  (a)  the  accuracy  of  reproduction  of  the  international  ohm  from  its 
definition,  together  with  its  comparison  with  wire  copies  estimated  at  about 
0.002  per  cent;  (6)  the  accuracy  of  the  evaluation  of  the  multiples  and 
submultiples  from  the  unit  estimated  at  0.0002  per  cent  per  step  of  10;  (c) 
changes  in  the  Bureau  reference  standards  between  evaluations  estimated  to 
be  not  more  than  0.002  per  cent. 

When  the  resistance  material  is  manganin,  the  value  can  be  expressed 
by  the  following  equation : 

in  which  R  denotes  the  resistance,  /  the  temperature,  N  the  nominal  value  of 
the  standard,  a  the  correction  in  parts  of  the  whole  at  25®  C,  and  b  and  c  the 
constants  of  the  temperature  formula. 

For  manganin  the  value  of  b  is  usually  between  —  o.ooooio  and 
+ 0.000030,  and  the  corresponding  value  for  c  is  usually  between  —  0.0000003 
and  —0.0000005.  It  will  thus  be  seen  that  the  changes  in  temperature 
which  occur  under  working  conditions  in  the  laboratory,  say  20  to  35®  C, 
cause  changes  in  resistance  from  the  25*^  C  value  of  usually  not  over  0.02  per 
cent,  and  need  be  considered  only  when  a  higher  accuracy  is  sought. 

Since  it  often  happens  that  measurements  are  desired  to  a  higher 
relative  accuracy,  it  is  recommended  that  the  temperature  resistance  equa- 
tion of  all  precision  standards  be  determined.  For  this  purpose,  measure- 
ments at  three  temperatures  stiflBce.  These  will  generally  be  made  at  20,  25, 
and  30®  C  to  a  relative  accuracy  better  than  0.0005  P^^"  cent.  In  this  case  the 
formula  will  give  the  temperature  correction  between  20°  and  30®  to  within 
±0.0005  percent,  or  at  any  temperature  to  within  ±0.0000002  (/ — 25)*. 
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In  the  case  of  standards  of  the  higher  and  lower  denominations,  which 
are  seldom  used  in  measurements  requiring  a  relative  precision  much  better 
than  0.005  per  cent,  a  determination  of  the  mean  temperature  coeflScient 
from  measurements  at  two  temperatures  will  suffice.  When  the  resistance 
material  is  known  to  be  manganin,  a  closer  approximation  may  be  obtained 
by  assuming  c,  in  the  above  equation,  to  have  its  mean  value  —  0.0000004. 
If  the  measurements  are  made  at  temperatures  differing  by  10®  C,  an  error 
of  50  per  cent  in  the  assumed  value  of  c  introduces,  within  these  limits,  a 
maximum  error  of  only  0.002  per  cent. 

As  new  standards  often  change  more  rapidly  during  the  first  few  months 
than  later,  it  is  recommended  that  when  such  standards  are  submitted 
for  test  they  be  left  in  the  Bureau  at  least  a  month  after  the  completion  of 
test  outlined  above,  and  that  an  additional  measurement  then  be  made  at 
25^  C. 

For  standards  of  which  the  resistance-temperature  formula  has  pre- 
viously been  determined  in  any  of  the  national  laboratories,  it  is  recommended 
that  measurements  be  made  at  25°  C  only,  since  experience  shows  that  the 
change  in  resistance  with  a  change  in  temperature  is  the  same  at  diflFerent 
times  within  the  limits  of  measurement.  There  is,  therefore,  no  object  in 
making  additional  measurements  at  other  temperatures. 

In  cases  where  the  standard  is  to  be  employed  for  cmrent  measure- 
ment or  otherwise  imduly  loaded  it  is  desirable  to  know  the  effective 
difference  in  temperature  between  the  resistance  material  and  the  oil  bath. 
An  additional  measurement  with  a  larger  test  cmrent  or  higher  voltage  is 
generally  sufficient  for  determining  this  relation  for  standards  of  which  the 
resistance  temperature  equation  is  known,  except  when  strains  are  produced 
by  differential  thermal  expansion,  by  which  appreciable  changes  in  the 
resistance  may  be  caused. 

B.  PRBCISION  RB8X8TANCB  8TANDARDS-ACCURACT,  QRADB  B 
See  P6e  Schedule  72,  p.  28 

Standards  submitted  for  certification  imder  this  schedule  must  be  of 
approved  design,  and  it  is  recommended  that  they  should  in  general  satisfy 
the  requirements  laid  down  for  precision  standards  as  given  above. 
Apparatus  which  does  not  quite  meet  the  requirements  for  a  test  imder 
Schedule  71  may  be  submitted  for  certification  under  this  schedule. 

The  measurements  will  be  made  at  a  temperature  of  25®  C  only,  and 
the  results  certified  to  an  accuracy  not  greater  than  0.025  per  cent.  It  is 
not  necessary  to  make  measurements  at  other  temperatures,  since  the 
resistance  should  not  vary  by  more  than  the  limit  set  with  ordinary  tem- 
perature changes. 

C.  RS8I8TANCB  STANDARDS  FOR  CURRBNT  MBASURBMBNT-ACCURACT.  QRADB  A 

See  Pee  Schedule  73f  p.28 

Standards  submitted  for  certification  imder  this  schedule  must  be  of  ap- 
proved design  and  construction,  and  must  satisfy  the  following  requirements : 

(i)  They  must  be  decimal  submultiples  of  i,  2,  3,  4,  or  5  ohms,  between 
o.oooi  and  i  ohm,  both  inclusive. 

(2)  They  must  be  adjusted  within  0.2  per  cent  of  their  nominal  values. 

(3)  The  resistance  material  must  be  distinguished  by  constancy  of  its 
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resistance,  small  therraoelectromotive  force  against  copper,  and  small 
change  in  its  resistance  with  a  change  in  temperature.  This  change  per 
degree  centigrade  must  not  exceed  30  parts  per  million  at  25*^  C.  If  it  is 
easily  o^tidized,  it  must  have  a  covering  to  protect  it  against  the  action  of 
the  atmosphere  or  moisture  dissolved  in  oil. 

(4)  Standards  below  i  ohm  must  be  provided  with  separate  current 
and  potential  terminals.  The  potential  connections  must  be  so  located 
that  any  changes  in  the  current  distribution  in  the  current  terminals  will 
introduce  no  appreciable  errors.  The  resistance  of  each  potential  connection 
should  not  exceed  o.ooi  ohm,  and  the  current  connections  should  have  a 
very  low  resistance  and  sufficient  contact  surface  to  keep  the  local  rise  in 
temperature  within  reasonable  limits. 

(5)  The  standards  must  be  provided  with  a  suitable  tank  or  containing 
case,  to  be  filled  with  oil  when  in  use. 

In  standards  of  this  type,  when  used  with  the  rated  full-load  cmrent, 
the  temperature  of  the  resistance  material  is  generally  considerably  above 
that  of  the  oil.  The  difference  depends  upon  the  area  exposed  to  the  oil 
and  the  circulation  of  the  latter. 

Standards  received  for  test  under  this  schedule  will  be  compared  with 
certain  reference  standards  of  the  Bureau,  and  the  value  obtained  certified 
to  an  accuracy  of  o.oi  per  cent. 

It  is  recommended  that  the  test  consist  of  three  measurements — (a)  one 
made  with  the  bath  at  room  temperature  and  with  a  small  test  current,  to 
obtain  the  resistance,  (6)  a  second  measurement  with  the  bath  about  10°  C 
above  room  temperature,  to  determine  the  effect  of  temperature)  and  (c)  a 
measurement  with  the  rated  full-load  current,  to  determine  the  effect  of  the 
test  cmrent  which  is  due  to  the  heating  of  the  resistance  material  above  the 
temperature  of  the  bath.  The  three  measurements  give  the  data  from 
which  an  equation  may  be  derived  giving  the  resistance  with  the  bath  at 
different  temperatures  and  with  any  test  current  up  to  full  load. 

When  the  oil  tank  is  provided  with  means  for  regulating  the  tempera- 
ture by  water  circulation,  measurements  may  be  made  at  any  desired  tem- 
perature between  15®  and  35®  C.  Where  a  suitable  means  for  cooling  the 
oil  is  not  provided,  measurement,  in  general,  will  not  be  made  below  the 
room  temperature. 

D.  RS8X8TANCB  STANDARDS  FOR  CURRBNT  MBABURBMBNT-ACCltRACT,  QRADB  B 

See  Pee  Schedule  74,  p.  28 

Standards  submitted  for  certification  under  this  schedule  must  satisfy 
the  following  requirements: 

(i)  They  must  be  of  approved  design  and  construction,  and  in  general 
satisfy  the  requirements  for  certification  under  Schedule  73,  except  that 
they  need  not  be  designed  for  oil  immersion. 

(2)  The  thermoelectromotive  force  of  the  resistance  material  against 
copper  must  not  exceed  3  microvolts  per  degree  centigrade. 

(3)  The  standard  must  be  so  designed  that  with  its  rated  full-load 
current  the  rise  in  temperature  above  that  of  the  room  does  not  exceed 
50®  C,  and  the  change  in  resistance  from  no  load  to  full  load  must  not 
exceed  o.i  per  cent. 

When  the  standard  is  to  be  used  with  different  loads,  it  is  recommended 
that  a  test  be  made  with  a  small  current  and,  also,  with  the  rated  full-load 
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current.  In  some  cases,  an  additional  test  at  half  load  (0.5  the  rated 
watts,  or  0.7  the  rated  full-load  current) ,  is  desirable,  since  the  change  in 
resistance  with  the  load  is  not  strictly  proportional  to  the  load. 

When  the  resistance  material  is  in  short  lengths,  considerable  heat 
is  conducted  away  from  the  standard  by  the  connecting  lugs.  In  such 
cases,  it  is  suggested  that  the  lugs  be  sent  with  the  standard  so  that  the 
test  may  be  made  more  nearly  under  the  conditions  of  service,  which 
should  be  stated  fully  in  the  application  for  the  test. 

Standards  received  for  test  under  this  schedule  will  be  compared  with 
reference  standards  of  the  Bureau  and  the  values  found  certified  to  an 
accuracy  of  0.025  per  cent. 

The  temperature  of  the  room  in  which  the  tests  are  made  will  be 
given. 

B.  PRECISION  RESISTANCE  APPARATUS-ACCURACY.  GRADE  A 
Bee  Pee  Schedule  75,  p.  29 

Precision  resistance  apparatus  consists  usually  of  a  number  of  resistance 
coils  mounted  from  a  hard-rubber  support  and  connected  to  metal  termi- 
nal blocks  by  means  of  which,  with  plugs  or  switches,  certain  combinations 
of  the  coils  are  eflfected.  The  requirements  of  such  apparatus  are  deter- 
mined by  the  nature  and  range  of  measurements  to  be  made,  the  speed  of 
working,  and  precision  desired.  In  this  discussion,  only  apparatus  capable 
of  giving  an  accuracy  of  o.oi  per  cent  will  be  considered.  The  reliability 
depends  on  the  material  and  construction  of  the  resistance  coils,  the  quality 
of  the  insulation,  and  the  contact  resistances  introduced  by  the  plugs  or 
switches. 

The  construction  of  the  coils  should  in  general  be  similar  to  that 
described  above  for  precision  standards.  Single-layer  windings  on  metal 
cylinders  give  the  most  satisfactory  results.  Wood  spools  should  not 
be  used,  particularly  for  the  coils  of  higher  resistance,  as  they  may  absorb 
moisture,  thus  producing  strains  in  the  wire. 

The  changes  of  resistance  of  shellacked  coils,  due  to  atmospheric 
htunidity,  may  be  largely  eliminated  by  giving  them  a  thin  coat  of  paraffin; 
this  practice  is  highly  recommended.  However,  the  coils  must  not  be 
heavily  embedded  in  paraffin  or  other  material,  which  unduly  retards 
attainment  of  temperature  equiUbrium. 

Manganin  has  been  foimd  by  experience  to  be  the  most  suitable  resist- 
ance material,  and  is  now  almost  exclusively  employed  in  precision  apparatus. 

The  terminal  blocks  should  be  firmly  fastened  to  the  hard-rubber  top; 
this  is  to  be  particularly  observed  when  the  series  plug  arrangement  is  used, 
so  that  the  removal  of  a  plug  may  disturb  the  fit  of  adjacent  plugs  as  little 
as  possible.  In  order  to  secure  a  permanently  high  insulation,  a  space 
should  always  be  left  at  the  base  of  the  blocks,  by  undercutting  them  or 
otherwise,  sufficient  to  permit  cleaning  the  surface  of  the  hard  rubber;  the 
hard  rubber  should  also  be  protected  from  the  action  of  direct  simlight. 

Each  terminal  block  should  be  provided  with  an  auxiliary  means  for 
making  direct  electrical  connection  to  it,  either  a  screw  or  a  tapered  hole 
with  a  traveling  plug.  Such  a  connection  is  often  foimd  to  be  convenient 
in  the  calibration  of  the  apparatus,  and  sometimes  in  its  use.  For  similar 
reasons,  such  a  connection  should  be  provided  for  all  the  main  branch  points 
of  an  apparatus. 
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The  desired  combinations  of  the  coils  are  usually  made  by  plugs  or 
switches.  A  few  words  of  caution  are  necessary  in  regard  to  their  use  and 
care.  When  plugs  are  used  a  good  fit  between  plug  and  hole  is  essential. 
Both  the  plugs  and  the  holes  should  be  cleaned  frequently;  the  surfaces 
should  be  in  such  condition  that  good  contact  can  be  made  without  excessive 
pressure,  which  may  disttu-b  the  fit  of  adjacent  plugs.  The  plugs  should  not 
be  inserted  with  a  screw  motion  in  one  direction,  and  be  withdrawn  with  an 
opposite  motion,  as  this  may  wear  grooves  in  the  holes  and  produce  high 
contact  resistance.  When  a  plug  is  removed  it  should  always  be  ascer- 
tained that  adjacent  plugs  have  not  been  disturbed.  The  importance  of 
frequent  cleaning  is  just  as  great  in  the  case  of  switch  contacts.  The  magni- 
tude and  constancy  of  the  contact  resistance  depend  also  on  the  design  of 
the  contact.  A  plug  contact  of  the  best  design  and  construction  has  a 
resistance  of  about  0.00006  ohm,  and  is  constant  when  clean  to  0.00002  ohm. 
The  best  switch  contact  has  a  resistance  of  about  0.0002  ohm,  and  is  con- 
stant to  better  than  o.oooi  ohm.  These  figures  are  for  the  best  conditions, 
being  considerably  better  than  ordinary  practice.  Either  type  of  contact, 
when  dirty  or  grooved,  is  not  reliable  to  o.oi  ohm,  and  if  not  cleaned  often 
enough  a  film  of  oxide  forms,  which  makes  them  still  worse.  Switch  dial « 
apparatus  is  more  convenient  and  rapid  in  operation  than  plug  apparatus, 
and  is  therefore  to  be  preferred  for  most  purposes. 

The  number  of  contact  resistances  in  series  should  be  kept  small.  If 
this  can  not  be  done,  the  total  resistance  used  should,  if  possible,  be  chosen 
large  enough  so  that  the  contact  resistances  are  negUgible  in  comparison 
with  it. 

The  coils  of  low  value  in  resistance  apparatus  are  often  adjusted  much 
closer  than  necessary.  This  is  due  to  the  practice  of  specifying  a  certain 
percentage  accuracy  of  adjustment  for  the  coils  of  an  apparatus  without 
recognition  of  the  fact  that  the  desired  precision  of  measurement  does  not 
require  the  same  percentage  accuracy  in  all  the  coils.  Now,  it  is  evident 
that  coils  used  in  series  with  a  number  of  plugs  or  switches  can  not  be  relied 
upon  to  better  than  o.ooi  ohm.  Fiuthermore,  in  the  use  of  resistance  appa- 
ratus, the  quantity  to  be  measured  is  generally  determined  by  two  or  more 
factors,  at  least  one  of  which  is  given  by  a  resistance  adjustable  in  equal 
steps,  e.  g.,  the  rheostat  arm  of  a  Wheatstone  bridge.  For  nearly  all  pur- 
poses, steps  of  o.i  ohm  have  been  found  suflSciently  small,  and  apparatus 
with  coils  of  smaller  denomination  is  rarely  found.  The  magnitude  of  the 
smallest  step  and  the  total  resistance  with  which  it  is  in  series  determine  the 
percentage  accuracy  of  the  reading.  A  closer  determination  is  sometimes 
made  by  interpolation  to  o.  i  or,  rarely,  o.oi  of  a  step.  It  is  therefore  evident 
that  an  accuracy  exceeding  0.0005  ohm  in  the  adjustment  or  caUbration  of 
the  coils  of  lower  denomination  is  practically  superfluous.  For  the  coils 
above  5  ohms,  the  limit  is  fixed  by  the  percentage  accuracy  of  adjustment. 

Apparatus  submitted  for  certification  must  satisfy  the  following  require- 
ments: 

(i)  In  general,  the  apparatus  must  be  capable  of  giving  an  accuracy 
in  service  of  o.oi  per  cent. 

(2)  The  resistances  must  be  adjusted  to  o.i  per  cent  of  their  nominal 
values,  except  in  the  case  of  coils  below  i  ohm,  as  noted  above.  While  this 
accuracy  will  admit  to  certification  under  this  schedule,  closer  adjustment 
is  highly  desirable  since  most  users  prefer  to  dispense  with  corrections. 
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(3)  The  plugs  or  switches  must  be  in  good  condition.  The  variation  in 
resistance  must  not  exceed  0.000 1  ohm  for  each  plug  and  0.0002  ohm  for 
each  switch. 

(4)  The  insulation  must  be  good  throughout,  and  must  be  in  good 
condition. 

(5)  New  apparatus  submitted  by  the  makers  must  be  accompanied  by 
a  statement  concerning  the  resistance  material  used,  and  the  date  and 
process  of  aging. 

To  obtain  o.oi  per  cent  accuracy  the  apparatus  must  be  kept  in  first- 
class  condition  and  the  resistances  checked  from  time  to  time.  Since 
appreciable  changes  in  resistance  occur  during  the  first  year  or  two,  new 
apparatus  should  receive  special  attention.  Some  apparatus  made  by  the 
best  makers  has  been  found  at  the  Bureau  to  show  a  permanent  increase 
of  over  0.1  per  cent  in  resistance.  This  effect,  like  that  of  moisture  (see 
above) ,  is  greater  in  the  case  of  the  coils  of  higher  resistance. 

The  request  for  a  test  should  contain  a  statement  of  the  purpose  and 
conditions  of  use  of  the  apparatus.  The  party  submitting  the  apparatus 
may  be  required  to  show  that  a  calibration  to  the  precision  of  this  schedule 
is  required  in  the  work  for  which  the  apparatus  is  used.  The  measurements 
'will  be  made  at  room  temperature.  If  measiwements  at  other  temperatures, 
or  a  higher  accuracy  than  o.oi  per  cent,  are  required, "  the  test  will  be 
regarded  as  special  (see  p.  24). 

(a)    BRIDGES,  RHEOSTATS,  AND   SIMILAR   APPARATUS 

t 

For  the  measurement  of  resistances,  the  Wheatstone  bridge  and  modifi- 
cations are  usually  employed.  The  bridge  may  have  continuously  variable 
ratio  arms  and  one  or  more  fixed  comparison  resistances,  or  it  may  have 
fixed  ratio  arms  and  a  variable  rheostat  as  the  comparison  resistance.  In 
the  measurement  of  resistances  less  than  i  ohm,  the  Kelvin  double  bridge 
should  be  used ; '  the  apparatus  provided  for  this  work  is  usually  a  double 
set  of  similar  ratio  arms,  together  with  a  low  resistance  standard.  The 
rheostat  arm  of  a  Wheatstone  bridge,  and  rheostats  in  general,  may  consist 
of  a  simple  series  of  coils  short-circuited  by  plugs,  or  of  any  one  of  several 
decade  arrangements.  If  the  series  plug  arrangement  is  used,  the  cautions 
mentioned  above  should  be  observed.  The  decade  arrangements  consist  of 
groups  of  equal  decimal  steps.  They  are  easier  and  quicker  to  manipulate 
and  involve  fewer  contact  resistances.  They  are  adaptable  either  to  plug 
or  switch  connections. 

The  ratio  arms  of  a  Wheatstone  bridge  should  be  reversible.  The  con- 
necting resistance  to  the  branch  points  of  the  bridge  (galvanometer  or 
battery  connection  points)  must  be  low,  and  should  not  exceed  0.0002  ohm 
if  ratio  coils  as  small  as  i  ohm  be  used.  There  should  be  not  more  than  two 
contact  resistances  in  a  ratio  arm.  In  bridges  of  older  design,  the  ratio 
coils  are  in  series,  and  are  thus  more  subject  to  plug  troubles.  For  facility 
in  caUbration,  auxiliary  potential  connections  should  be  provided  to  the 
branch  points,  or  terminal  points  of  ratio  arms.  Connecting  resistances  in 
the  bridge  should  always  be  made  low,  and  the  galvanometer  and  battery 
should  be  introduced  at  such  points  that  the  connecting  resistance  is  in 
series  with  the  rheostat  arm  rather  than  the  ratio  arms  or  the  resistance 

*  For  a  txeatment  of  the  theory  and  practice  of  this  method,  sec  Jaeger,  Lindeck,  and  Dics- 
selhorst,  Zeitschrift  ftir  Instrumentenkunde,  28,  pp.  33  and  65;  1903. 
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tinder  measurement.  In  the  use  of  a  bridge,  the  ratio  arms  should  be 
chosen  which  will  give  a  large  setting  of  the  rheostat  arm,  in  order  to  obtain 
a  high  percentage  accuracy  of  reading,  provided  that  such  a  choice  is  con- 
sistent with  sensibiUty. 

A  slide  wire  is  often  used  in  rheostats  and  bridges.  When  the  resistance 
of  the  contact  is  in  series  with  the  other  resistances,  and  its  constancy  must 
be  relied  upon,  trouble  arises  sooner  or  later;  this  construction  is  seldom  to 
be  recommended.  Where  the  sUding  contact  functions  otherwise,  as  when  ' 
its  resistance  enters  only  in  the  battery  or  galvanometer  circuit,  very  satis- 
factory results  may  be  obtained.  In  some  cases  the  wire  and  contact  should 
be  oil  immersed.  It  should  be  ascertained  that  negligible  or  constant 
resistances  are  introduced  at  the  junctions  of  the  ends  of  the  slide  wire  with 
the  rest  of  the  apparatus. 

A  regular  test  will  include  the  determination  of  resistance  of  each  coil 
and  the  magnitude  and  constancy  of  zero  and  connecting  resistances  (each 
charged  for  as  one  coil)  of  each  arm  or  separate  portion.  If  there  is  a 
sUde  wire,  its  total  resistance  will  be  determined  and  charged  for  as  one 
coil,  and  it  will  be  calibrated  at  10  points,  or  every  half  turn  if  it  is  wound 
on  a  cyUnder.  If  the  plug  or  switch  contacts  are  in  such  condition  that  they 
must  be  cleaned  in  order  that  the  accuracy  of  this  schedule  may  be  attained, 
an  extra  fee  will  be  charged,  as  per  table  of  fees. 

The  certificate  will  ordinarily  give  the  corrections  in  international 
ohms.  Corrections  to  rheostat  coils  will  generally  be  given  in  terms  of  the 
"substitution  equivalent,*'  or  the  resistance  added  when  the  coil  is  intro- 
duced into  the  circuit  in  the  ordinary  way.  Thus,  in  the  case  of  a  series 
plug  connection,  the  substitution  equivalent  is  not  the  resistance  of  the 
coil,  but  that  of  the  coil  minus  that  of  the  plug.  In  cases  where  the  number 
of  contacts  in  series  is  not  variable,  as  in  the  decade  arrangements,  the 
substitution  equivalent  is  identical  with  the  coil  resistance.  In  any  case, 
the  true  resistance  is  found  by  adding  to  the  rheostat  setting  the  zero 
resistance,  which  includes  the  sum  of  the  contact  resistances.  The  correc- 
tions for  ratio  coils  will  include  the  connecting  resistances  in  series  with 
them. 

The  corrections  to  the  coils  will  ordinarily  be  certified  to  an  accuracy 
of  0.0 1  per  cent,  except  the  resistances  below  5  ohms.  The  latter  will  be 
certified  to  0.0005  ohm  only,  or  to  a  lower  acou-acy  if  the  number  or  condi- 
tion of  the  contacts  are  unfavorable.  Ratio  coils  will  be  certified  to  0.005 
per  cent,  except  those  below  10  ohms.  Where  the  construction  adnuts, 
the  accuracy  of  determination  of  the  points  on  a  slide  wire  will  be  0.2  of  its 
smallest  division. 

It  should  be  remembered  that  resistances  are  often  not  constant  to  o.oi 
per  cent,  so  that  the  certificate  can  not  guarantee  that  accuracy  in  the  use 
of  apparatus.  We  can  do  no  more  than  certify  to  the  accuracy  of  our 
determination  at  the  particular  time  of  test. 

(b)    POTENTIOMETERS  AND  VOLT  BOXES 

Serving  the  widest  variety  of  uses,  the  potentiometer  is  a  most  accurate 
and  convenient  electrical  measuring  apparatus.  It  is  essentially  an  instru- 
ment for  comparing  diflferences  of  potential.  This  is  effected  by  balancing 
them  against  the  difference  of  potential  in  a  portion  of  the  potentiometer 
circuit,  through  which  a  constant  current  is  maintained.    The  instrument 
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must  therefore  be  so  constructed  that  the  potential  di£Ference  between 
two  terminals  can  be  varied  continuously,  or  in  sufficiently  small  steps, 
without  changing  the  total  resistance  in  the  potentiometer  circuit.  In 
the  measurement  of  potential  differences,  an  unknown  and  a  standard 
are  successively  balanced;  and,  provided  only  that  the  current  in  the 
instrument  remains  the  same  for  the  two  operations,  the  unknown  poten- 
tial difference  is  given  in  terms  of  the  standard  by  the  ratio  of  the  poten- 
tiometer settings.  It  is  thus  apparent  that  the  corresponding  resistances 
need  be  known  only  relatively.  The  accuracy  of  measurement,  accordingly, 
depends  chiefly  upon  the  relative  accuracy  of  the  potentiometer  resistances, 
the  accuracy  of  the  cell  used  as  standard,  and  the  sensitiveness  of  the  gal- 
vanometer employed  to  indicate  a  balance.  These  three  requirements 
are  so  well  met  in  practice  that  with  a  potentiometer  whose  calibration  is 
carefully  and  frequently  checked,  an  accuracy  of  o.oi  per  cent  is  very  easily 
attainable. 

Besides  its  accuracy,  the  potentiometer  has  the  advantage  of  conven- 
ience. The  resistances  are  divided  into  groups  or  decades  of  equal  steps. 
The  potential  drop  in  one  step  of  a  decade  equals  that  in  ten  steps  of  the 
next  lower  decade.  The  successive  dial  readings  thus  give  the  digits  of  the 
setting.  A  slide  wire  may  take  the  place  of  several  of  the  dials.  It  is  only 
necessary  to  adjust  the  current  to  such  a  value  that  the  standard  cell  is  bal- 
anced across  a  portion  of  the  resistance  indicating  its  electromotive  force, 
when  the  readings  of  the  instrument  will  give  the  potential  differences  sub- 
sequently measured,  without  calculation.  In  addition  to  the  direct  measure- 
ment of  voltage,  the  potentiometer  furnishes  a  means  for  the  precise  measure- 
ment of  current  and  of  resistance  when  used  in  connection  with  resistance 
standards.  By  using  resistance  standards  of  decimal  values  the  advantages 
of  direct  reading  are  retained  for  current  measurements,  only  the  insertion  of 
the  decimal  point  having  to  be  considered.  For  flexibility,  acctu-acy,  and 
convenience  the  potentiometer  is  thus  seen  to  be  an  admirable  instrument 
for  the  measurement  of  the  three  fundamental  electrical  quantities.  By 
combining  measurements  of  two  of  these  quantities  we  have  also  a  measure 
of  power. 

The  numerous  types  differ  in  the  method  of  dividing  the  potential  drop 
into  decimal  steps.  One  of  the  simplest  forms  is  a  series  of  eqtial  coils  with 
a  slide  wire  having  decimal  subdivisions  and  a  resistance  equal  to  one  coil. 
A  switch  makes  contact  with  the  terminal  of  any  one  of  the  series  coils,  and 
there  is  also  means  for  making  contact  at  any  point  of  the  slide  wire. 
Practical  considerations  of  construction  limit  the  values  of  the  resistances 
that  may  be  employed  when  the  series  slide  wire  is  used  to  20  to  100  ohms 
per  volt  on  the  normal  range.  The  Crompton  and  the  Leeds  &  Northrup 
Tjrpe  K  potentiometers  are  of  this  form. 

When  high  resistances,  of  the  order  of  10  000  ohms  per  volt,  are  employed , 
various  methods  are  employed  to  make  the  potentiometer  settings.  In  one 
t)rpe  there  are  several  dials  of  equal  coils  in  series,  whose  steps  are  multiples 
of  10.  The  terminals  to  which  the  imknown  potential  difference  is  appUed 
connect  to  the  switches  of  the  two  end  dials.  Changing  the  resistance  on  the 
intermediate  dials  varies  the  drop  between  these  terminals,  the  current  being 
maintained  constant  by  simultaneously  changing  the  resistance  in  the  bat- 
tery circuit  a  corresponding  amount.  This  double  operation  is  effected  by 
the  use  of  double  dials.    The  Otto  Wolff  potentiometer  is  of  this  type.     In 
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another  type  the  steps  of  the  main  dial  are  subdivided  by  means  of  a  second 
series  of  coils,  which  can  be  moved  so  as  to  shunt  any  one,  or,  in  some  types, 
any  group  of  two  or  more  of  the  steps  of  the  main  dial.  Examples  of 
this  type  are  the  Siemens  &  Hal^e  and  the  Leeds  &  Northrup  Standard 
potentiometers.  A  recently  developed  type  combines  the  potentiometer 
with  the  deflection  principle.  The  greater  part  of  the  tmknown  potential 
difference  is  balanced  in  the  ordinary  manner,  and  the  small  tmbalanced 
remainder  is  indicated  on  a  deflection  instrument.  This  method  has  the 
advantage  of  speed,  and  an  acciu-acy  of  0.02  per  cent  is  attainable. 

The  types  of  potentiometer  differ,  also,  in  the  method  of  balancing  the 
standard  cdl.  It  may  be  introduced  at  the  same  points  as  the  unknown 
potential  differences,  or  special  connections  may  be  provided  for  it.  The 
latter  arrangement  is  the  more  convenient,  as  it  is  tmnecessary  to  disturb 
the  setting  of  the  instrument.  This  is  of  importance,  for  the  constancy  of 
the  current  is  the  fundamental  assumption  of  the  potentiometer,  and 
should  be  frequently  checked.  Usually  a  single  pair  of  tap-in  points  for  the 
standard  cell  is  not  sufficient.  Preferably  the  resistance  across  which  the 
cell  is  balanced  should  be  variable,  inasmuch  as  the  cells  used  as  standards 
do  not  all  have  the  same  electromotive  force,  and,  further,  because  their 
variation  with  temperature  may  have  to  be  considered.' 

A  few  words  may  be  said  regarding  the  relative  advantages  of  high  and 
low  resistance  potentiometers.  The  chief  advantage  of  the  low  resistance  is 
in  sensibility,  which  increases  as  the  resistance  is  reduced.  In  the  low- 
resistance  instrument,  the  effect  of  poor  insulation  and  possible  leakage 
between  parts  is  less  important  than  in  the  case  of  high  resistance.  The 
change  of  the  resistances  with  time  and  their  variation  with  atmospheric 
humidity  are  also  less  in  the  case  of  low  resistances.  (See  general  discussion 
imder  "Resistance  standards,"  p.  7.)  The  low-resistance  potentiometer 
has,  however,  the  disadvantage  of  using  a  larger  ciurent,  which  is  somewhat 
more  difficult  to  maintain  constant.  The  slide  wire  types  often  have  addi- 
tional minor  difficulties,  which  can,  however,  be  overcome  by  proper  con- 
struction. 

The  range  of  the  ordinary  potentiometer  is  1.5  to  1.8  volts,  o.i  volt  for 
each  step  oi  the  first  or  main  dial.  The  setting  is  usually  readable  directly 
to  o.ooooi  volt.  For  measuring  very  small  potential  differences  the  range 
of  some  potentiometers  may  be  reduced.  The  reduction  is  usually  to  o.i 
or  0.0 1  of  the  normal  range,  and  is  accomplished  by  inserting  series  resistance 
or  a  combination  of  shunt  and  series  resistance  with  the  main  circuit.     The 

*  Full  descriptions  of  the  various  types  may  be  found  in  the  pamphlets  of  instrument  makers. 
Short  treatments  of  the  subject  are  given  in  various  text-books.  For  careful  treatments  of  theory 
and  types,  see — 

K.  Feussner;  Zeitschrift  ftir  Instrumentenktmde,  10,  p.  1x3;  1890. 

O.  Wolff;  Zeitschrift  fOr  Instrumentenktmde,  21,  p.  227;  1901,  and  28,  p.  301;  1903. 

A.  Raps;  Elektrotechnische  Zeitschrift,  16,  p.  215;  1895,  and  16,  p.  507;  1895. 

R.  Franke;  Elektrotechnische  2^itschrift,  24,  p.  978;  1903. 

J.  A.  Harker;  Philosophical  Magazine,  6,  p.  41;  1903. 

R.  A.  Lehfeldt;  Philosophical  Magazine,  o,  p.  668;  1903. 

H.  Hausrath;  AnnaleQ  der  Physik,  17,  p.  735;  1905,  and  Zeitschrift  fOr  Instrumentenkunde, 
86,  p.  353;  1905. 

H.  Diesselhorst;  Zeitschrift  fOr  Instrumentenkunde,  26,  pp.  173  and  297;  1906,  and  28,  pp.  i 
and  38;  1908. 

W.  P.  White;  Zeitschrift  fflr  Instrumentenkunde,  27,  p.  210;  1907,  and  Physical  Review,  85, 

P-  334;  1907- 

H.  B.  Brooks;  Bulletm  of  Bureau  of  Standards,  2,  p.  225;  1906,  and  4,  p.  275;  1908. 
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percentage  precision  of  reading  is  thereby  increased  inversely  as  the  reduc- 
tion factor,  unless  limited  by  galvanometer  sensibility.  Special  potenti- 
ometers for  the  measurement  of  low  potential  differences  are  ako  con- 
structed, which  are  designed  for  the  prevention  of  errors  due  to  thermal 
electromotive  forces  and  variable  contact  resistances  in  the  potentiometer 
circuit.  Such  an  instrument  should  be  of  low  resistance  to  secure  the 
highest  sensibility. 

Volt  boxes. — When  a  potentiometer  is  used  to  measure  higher  voltages 
than  1.5  volts,  a  **  multiplier,*'  or  volt  box,  is  ordinarily  used.  A  volt  box 
is  a  series  of  resistance  coils  to  the  terminals  of  which  is  connected  the 
unknown  voltage  and  across  a  known  fraction  of  which  the  drop  is  measiwed. 
The  ratio  of  the  total  resistance  to  this  fraction  is  the  multiplying  factor  of 
the  box.  The  construction  is  generally  such  as  to  give  two  or  more  factors. 
In  the  design  of  volt  boxes,  the  need  of  specially  good  insulation  must  be 
regarded ;  and  great  care  is  necessary  in  use  to  prevent  the  high  voltage  under 
measurement  from  leaking  to  the  potentiometer.  The  terminals  of  the  volt 
box  must  be  well  separated  and  well  insulated.  The  resistance  should  be 
divided  into  a  number  of  coils  in  series,  both  for  insulation  and  for  dissipa- 
tion of  heat.  The  lower  the  resistance  used  the  greater  will  be  the  heat 
developed.  However,  a  high  resistance  reduces  the  sensibility,  and  is  more- 
over less  constant.  The  use  of  wooden  spools  and  the  winding  of  more  than 
one  layer  on  a  spool  are  alike  prejudicial  to  heat  dissipation  and  to  con- 
stancy of  resistance.  The  resistance  used  should  be  between  100  and  300 
ohms  per  volt. 

The  testing  of  potentiometers  and  volt  boxes  involves  somewhat 
different  measurements  than  are  required  for  bridges  and  rheostats.  A 
regular  test  of  a  potentiometer  will  include  as  many  of  the  following  measure- 
ments as  are  required  to  test  the  instrument  completely: 

(a)  Comparison  of  the  coils  of  the  main  dial  or  dials  to  an  accuracy  of 
one-half  the  smallest  step  or  division  of  the  instrument,  except  that  such 
accuracy  shall  be  not  better  than  0.0 1  per  cent  of  one  of  the  steps  of  the  first 
main  dial.  Each  zero  or  connecting  resistance  in  series  with  the  coils,  which 
must  be  measured,  will  be  charged  for  as  one  coil. 

(6)  Checking  of  the  auxiliary  compensating  coils  to  ascertain  whether 
their  compensation  is  within  the  above  accuracy.      ' 

(c)  Determination  of  sUde  wire  corrections  to  0.2  of  a  division;  at  10 
points  of  a  straight  wire;  at  2  points  per  turn  of  a  circular  wire. 

(d)  Determination  of  corrections  to  standard  cell  dial  settings  to  an 
accuracy  of  o.oi  per  cent. 

(e)  Determination  of  reduction  factors  for  low  ranges  to  o.oi  per  cent. 
If)  Determination  of  the  value  of  one  main  coil  in  terms  of  the  inter- 
national ohm  to  o.oi  per  cent. 

The  corrections  to  the  settings  are  expressed  in  fractions  of  a  volt  for 
the  normal  range.  It  is  to  be  imderstood  that  when  the  range  is  changed  by 
a  given  factor,  the  corrections,  except  those  for  the  standard  cell  dial,  are 
changed  by  the  same  factor.  The  corrections  to  the  standard  cell  dial  set- 
tings are  given  in  percentage  for  the  following  reason':  The  electromotive 
force  of  the  standard  cell,  and  the  resistance  across  which  it  is  balanced, 
determine  the  current  in  the  potentiometer.  If  this  resistance  departs  from 
its  nominal  value,  the  cinrent  is  thereby  made  to  depart  from  nominal  by 
the  same  percentage  amount.     Every  setting  is  accordingly  affected  by  the 
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same  percentage  error,  and  the  corresponding  percentage  correction  must  be 
made.  The  signs  of  all  corrections  are  so  chosen  that  a  positive  sign  means 
that  the  correction  is  to  be  added  to  the  observed  setting,  a  negative  sign 
that  the  correction  is  to  be  subtracted.  The  correction  to  the  reduction 
factors  for  low  range  are  also  given  in  per  cent.  The  procedure,  th^,  in 
applying  the  correction  when  a  measurement  is  made  on  low  range,  is:  first, 
add  the  volt  corrections  to  the  dial  readings,  then  apply  the  percentage  cor- 
rections for  the  cturent  and  the  reduction  factor,  and  then  multiply  the 
result  by  the  nominal  reduction  factor. 

The  request  for  test  of  a  volt  box  should  state  the  conditions  of  its  use, 
particularly  the  usual  voltage.  Test  will  be  made  either  at  low  voltage  or 
at  maximum  service  voltage,  as  desired.  It  is  recommended  that  tests 
be  made  at  both  low  and  maximum  service  voltage. 

The  multiplying  factors  furnished  by  the  volt  box  should  be  integral 
numbers,  adjusted  to  o.i  per  cent.  The  regular  test  will  be  a  determina- 
tion, at  room  temperature,  of  the  multiplying  factors  to  o.oi  per  cent  (and 
value  of  the  total  resistance  in  terms  of  the  International  Ohm). 

F.  PRECISION  RESISTANCE  APPARATUS— ACCURACY,  GRADE  B 
See  Fee  Schedule  76,  p.  29 

Apparatus  submitted  for  certification  under  this  schedule  must  be  of 
approved  design  and  construction,  and  it  is  recommended  that  in  general  it 
satisfy  the  requirements  laid  down  for  precision  resistance  apparatus  as 
given  above.  Apparatus  which  does  not  quite  meet  the  requirements  for  a 
test  imder  Schedule  75,  but  which  is  capable  of  giving  the  accuracy  of  this 
grade,  may  be  accepted  for  test  under  this  schedule. 

Measurements  will  be  made  with  the  apparatus  at  the  temperature  of 
the  room,  and  the  results  certified  to  an  accuracy  of  0.025  per  cent,  excepting 
resistances  below  5  ohms.  The  latter  will  be  certified  to  o.ooi  ohm  only. 
Potentiometers  will  be  certified  to  an  accuracy  of  two  steps  of  the  lowest 
dial  or  one-half  division  of  the  slide  wire,  except  that  the  accuracy  shall 
not  exceed  0.025  per  cent  per  coil  of  the  first  main  dial. 

O.  PRECISION  RESISTANCE  APPARATUS;  CHECKINO— ACCURACY.  GRADE  C 
See  Pee  Schedule  77,  p.  29 

Apparatus  may  be  submitted  under  this  schedule  to  determine  whether 
a  specified  accuracy  of  adjustment,  not  better  than  0.025  per  cent,  has  been 
obtained;  or,  in  the  case  of  potentiometers,  two  steps  of  the  lowest  dial,  or 
one-half  division  of  the  slide  wire,  accuracy  not  to  exceed  0.025  per  cent  per 
coil  of  the  first  main  dial.  Coils  of  smaller  value  than  5  ohms  will  be 
checked  not  closer  than  o.ooi  ohm.  If  all  the  coils  are  within  the  specified 
limit,  the  fees  will  be  those  given  on  page  29,  under  the  corresponding  Sched- 
ule 77.  If  any  of  the  coils  exceed  the  prescribed  limit  of  adjustment, 
corrections  will  be  given,  and  an  additional  fee  will  be  charged  for  each  such 
coil,  equal  to  twice  that  of  Schedule  75.  If  more  than  one-tenth  of  the 
coils  thus  exceed  the  limit  of  adjustment,  the  test  will  be  made  under 
Schedule  76. 
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H.  BLBCTRICAL  PROPBRTIB8  OP  CONDUCTORS 
8m  Pte  Schedule  A  P*  30 

MetalUc  wires  or  bars  may  be  submitted  for  the  determination  of  any 
one  or  more  of  the  following  electrical  properties: 
(i)  Resistance  per  unit  length. 

(2)  Resistance  per  meter-gram. 

(3)  Resistance  per  centimeter  cube. 

(4)  The  thermoelectric  power  against  copper. 

(5)  Temperature  resistance  formula  (temperature  coefficient) . 

For  any  of  the  resistance  measurements,  the  specimen  should  have  (a) 
a  length  of  between  117  and  130  centimeters  (46  and  51  inches);  (6)  an 
area  of  cross-section  very  uniform,  not  larger  than  i  square  centimeter,  and 
preferably  not  smaller  than  i  square  milUmeter;  otherwise  the  test  will  be 
special.  The  specimen  should  be  straight,  and  be  in  the  condition  as 
regards  annealing,  etc.,  in  which  the  test  is  to  be  made.  For  the  measure- 
ment of  the  thermoelectric  power  against  copper,  the  specimen  should 
preferably  be  in  the  form  of  a  wire  of  i  square  millimeter  or  less  in  cross- 
section,  and  not  less  than  25  centimeters  in  length. 

Samples  are  ordinarily  returned  to  the  sender  unless  the  Bureau  is 
otherwise  directed.  The  piupose  for  which  the  test  is  desired  should  be 
stated  in  the  application.  If  the  sample  is  to  be  used  as  a  standard  in  a 
conductivity  bridge,  the  points  at  which  calibration  is  desired  should  be 
stated. 

When  the  test  involves  the  measurement  of  the  mass  per  imit  length, 
the  ends  of  the  sample  should  be  carefully  squared  to  f aciUtate  the  accurate 
measurement  of  the  total  length. 

On  most  specimens  submitted  for  test,  an  accurate  resistance  measure- 
ment can  only  be  made  between  potential  connections,  which  are  generally 
made  by  knife  edges  pressing  Ughtly  against  the  side  of  the  specimen.  The 
total  resistance  of  the  sample  can  not,  therefore,  be  determined  directly. 
The  resistance  per  imit  length  is  obtained  by  measuring  the  resistance  of  a 
known  length  of  the  sample,  usually  i  meter. 

The  determination  of  the  resistance  per  meter-gram  involves  measure- 
ment of  the  total  length  and  mass  of  the  sample,  and  the  resistance  of  a 
known  fraction  of  the  total  length.  The  calculation  is  based  on  the  assump- 
tion that  the  remaining  fraction  has  the  same  resistance  per  imit  length  as 
that  between  the  potential  connections. 

The  determination  of  the  resistance  per  centimeter  cube  (the  specific 
resistance  or  the  reciprocal  of  the  specific  conductivity)  involves  the  measure- 
ment of  the  mean  cross-section,  as  well  as  the  resistance  of  a  known  length. 
The  mean  cross-section  may  be  obtained  from  micrometer  measurements  of 
the  diameter  at  a  number  of  points  along  the  sample,  but  a  better  precision 
is  generally  obtained  by  measuring  the  total  mass  and  length  and  the  mean 
density.  The  measurement  of  the  density  is  a  tedious  operation,  and  will 
not  be  undertaken  in  connection  with  regular  tests  imder  this  schedule. 
For  practical  purposes  it  has  been  fotmd  that  for  copper  an  assumed  density 
of  8.89  gives  sufficiently  accurate  results. 

In  the  case  of  copper,  results  can  be  expressed  in  terms  of  "per- 
centage conductivity"  of  the  Matthiessen  standard,  for  measurements 
either  of  resistance  per  meter-gram  or  resistance  per  centimeter  cube.    The 
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Matthiessen  standard  represents  the  conductivity  found  by  Matthiessen  in 
1862  for  soft  copper,  which  was  supposed  to  be  pure.  However,  improved 
methods  of  pur^cation  have  resulted  in  the  production  of  soft  commercial 
copper  having  a  percentage  conductivity  of  over  100  per  cent  on  this  basis. 
The  percentage  conductivity  of  a  sample  on  the  "meter-gram  basis"  is  the 
reciprocal  of  the  ratio  of  its  resistance  at  20®  C  per  meter-gram  to  a  resistance 
of  0.15302  ohm*  per  meter-gram  at  20®  C.  The  percentage  conductivity  on 
the  "centimeter  cube  basis"  is  the  reciprocal  of  the  ratio  of  its  specific 
resistance  at  20®  C  in  micro-ohms  per  centimeter  cube  to  a  specific  resistance 
of  1. 72 1 3  micro-ohms  per  centimeter  cube  at  20®  C.  The  two  percentage 
conductivities  are  identical  if  the  density  of  the  sample  is  8.89. 

Since  the  data  of  value  to  the  purchaser  of  conductors  for  power  trans- 
mission, telegraphy,  telephony,  etc.,  is  given  by  the  "  meter-gram  "  rather  than 
the  "  centimeter  cube  "  resistance,  it  is  recommended  that  the  former  be  used 
in  the  specification  of  conductors.  The  relative  cost  to  such  users  of  con- 
ductors of  the  same  or  even  of  different  metals  is  given  simply  by  multi- 
plying the  cost  per  imit  mass  by  the  resistance  per  meter-gram.  (This 
statement  of  course  neglects  differences  in  insulation,  differences  of  strand- 
ing of  wires  and  cables,  economy  of  space,  etc.).  The  actual  resistance  per 
meter-gram  at  20®  C  is  preferred  to  percentage  conductivity,  because  of  the 
possible  confusion  in  the  use  of  the  latter,  and  the  fact  that  the  use  of  the 
term ' '  percentage  conductivity ' '  should  be  restricted  to  copper.  Accordingly, 
to  specify  that  the  resistance  per  meter-gram  shall  be  not  greater  than 
0.1530  at  20®  C  is  equivalent  to  specifying  that  the  conductivity  shall  be 
not  less  than  100  per  cent  Matthiessen  standard. 

When  a  sample  is  submitted  for  the  determination  of  the  resistance  per 
meter-gram,  the  resistance  per  meter  and  the  mass  per  meter  will  be  measured 
and  given  in  the  certificate.  The  computed  resistance  per  meter-gram,  and 
in  the  case  of  copper  the  percentage  conductivity  on  the  meter-gram  basis, 
will  also  appear  on  the  certificate. 

When  a  sample  is  submitted  for  the  determination  of  the  resistance  per 
centimeter"  cube  (or  specific  resistance  or  conductivity),  the  resistance  per 
meter,  mean  diameter,  and  mass  per  meter  will  be  measured  and  given  in 
the  certificate.  The  certificate  wUl  also  give  the  specific  resistance,  and  in 
the  case  of  copper  the  percentage  conductivity,  both  calculated  from  the 
measured  diameter,  and  on  the  meter-gram  basis,  calculated  from  the  mass 
per  meter.  (This  "meter-gram"  percentage  conductivity  is  identical  with 
the  "centimeter  cube"  percentage  conductivity  obtained  on  the  asstunption 
of  a  density  of  8.89.)  ITie  latter  method  of  determining  the  conductivity  is 
not  recommended;  the  meter-gram  test  contains  everything  but  the  cross- 
section  measurement,  which  is  very  tmreliable  for  small  wires. 

The  resistance  measurements  of  copper  and  aluminum  may  sometimes 
be  made  at  a  temperature  other  than  20^  C.     In  such  cases  the  value  fotmd 
will  be  corrected  to  20°  C,  assuming,  for  the  present,  that  the  change  in  * 
resistance  per  degree  centigrade  is  0.387  per  cent  of  the  value  at  20®  C, 
corresponding  to  a  temperature  coefficient  of  0.42  per  cent  at  o®  C. 

*  This  value  for  the  resistance  of  the  Matthiessen  standard  was  obtained  by  applying  the 
temperature  coefficient  found  by  Matthiessen  to  his  value  for  the  resistance  ato^C.  A  different 
20^  value  is  used  to  some  extent  elsewhere,  derived  by  applying  a  more  nearly  correct  temperature 
coefficient.  But  tinoe  Matthiessen's  mcasurementt  at  30*  C  were  as  reliable  as  those  at  o^  C,  it 
is  clear  that  the  use  of  the  temperature  ooeffideat  he  derived  gives  tht  correct  weight  to  all  his 
observations. 
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When  a  determination  of  temperature  coeflBcient  is  desired,  it  will  ordi- 
narily be  derived  from  measurements  made  at  20®  C  and  30°  C. 

The  precision  certified  for  resistance  per  imit  length  will  be  not  better 
than  0.03  per  cent,  for  resistance  per  meter-gram  0.05  per  cent,  and  for 
resistance  per  centimeter  cube  0.2  per  cent.  The  precision  given  for  a  tem- 
perature coefficient  will  be  that  attainable  by  measurements  of  the  resist- 
ance to  0.02  per  cent,  and  of  the  temperature  to  0.05®. 

The  thermoelectric  power  against  copper  of  alloys  to  be  used  in  resist- 
ance standards  will  be  determined  by  connecting  each  end  of  the  specimen 
to  a  copper  wire  and  measuring  the  electromotive  force  in  the  circuit  when 
one  jtmction  is  at  20®  C  and  the  other  jtmction  at  30®  C.  The  precision  given 
will  be  that  attainable  by  the  measurement  of  the  temperature  difference  to 
0.05®,  and  the  electromotive  force  to  one  microvolt,  provided  the  specimen 
is  sufficiently  uniform  to  permit  of  this  precision. 

I.  STANDARD  CELL^ 
8m  Pee  Schedule  79,  p.  30 

The  recent  improvements  in  the  construction  of  Clark  and  Weston  stand- 
ard cells,  obtained  through  a  careful  study  of  the  methods  of  preparation 
and  purification  of  the  materials  employed,  has  made  it  possible  to  set  up 
cells  from  different  materials  agreeing  with  each  other  to  two  or  three  parts 
in  100  000.  If  the  specifications  published  in  Reprint  70,  Bulletin  of  the 
Bureau  of  Standards,  be  followed,  an  acciu-acy  of  reproduction  of  at  least 
o.oi  per  cent  should  be  attained,  even  tmder  tmfavorable  conditions.  The 
Weston  normal  cell,  with  its  very  small  temperature  coefficient  and  freedom 
from  certain  other  defects,  is  to  be  preferred  to  the  Clark.  To  secure  the  best 
results,  such  cells  should  be  hermetically  sealed,  or  sealed  in  such  a  manner 
that  they  can  be  placed  in  an  oil  bath  without  danger  of  developing  a  leak. 

For  all  piuposes  except  when  the  highest  accuracy  is  sought  the  portable 
Weston  cell,  as  put  on  the  market  by  the  Weston  Electrical  Instrument 
Company,  and  differing  from  the  above  only  in  that  the  solution  of  cadmitun 
sulphate  is  satiu^ted  at  approximately  4®  C,  has  a  considerable  advantage. 
No  oil  bath  is  needed,  and  the  change  in  electromotive  force  with  tempera- 
ture over  a  wide  range  is  negUgible  for  most  purposes. 

In  view  of  the  more  limited  accuracy  of  reproduction  of  the  Clark  cell, 
set  up  in  accordance  with  the  older  specifications,  and  from  which  the  basis 
of  reference  is  derived,  the  results  can  only  be  certified  to  0.02  per  cent. 
Although  the  accuracy  of  reproducibility  of  the  reference  cells  may  be  placed 
at  two  parts  in  100  000,  cells  of  the  same  type  can  be  compared  with  an 
accuracy  of  one  or  two  parts  per  million. 

Cells  submitted  for  certification  will  be  measured  at  least  twice  against 
secondary  standards  known  in  terms  of  the  reference  cells  of  the  Bureau. 
If  the  cells  are  so  constructed  that  they  can  be  measured  in  an  oil  bath,  they 
will  be  measured  at  one  temperature,  25°  C,  and  otherwise  at  room  tempera- 
ture, which  changes  little  dining  twenty-foiu*  hotu^,  with  a  seasonal  range  of 
22^  to  28°. 

J.  8PBCIAL  TBSTS 

The  special  requirements  of  scientific  investigators,  manufacttu'ers  of 
apparatus,  and  others  for  higher  precision  than  is  considered  in  the  fore- 
going schedules  will  be  met  as  far  as  the  regular  work  of  the  Bureau  will 
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permit.  In  investigating  the  behavior  of  electrical  standards,  variations 
are  noted  with  certainty  in  a  shorter  time  when  the  precision  of  measure- 
ment is  high.  The  Bureau  will  gladly  cooperate  with  those  who  need  the 
highest  precision  in  their  work,  both  in  the  design  and  testing  of  apparatus. 

A  few  suggestions  in  regard  to  resistance  apparatus  of  the  highest  pre- 
cision will  be  given  here.  To  attain  a  higher  accuracy  than  o.oi  per  cent, 
the  variation  of  the  resistances  with  temperature  must  be  considered.  For 
efficient  temperature  control  oil  immersion  is  essential,  and  either  the  varia- 
tion of  the  resistances  with  temperature  should  be  known,  and  the  tempera- 
ture determined  during  measurements;  or  the  oil  should  always  be  brought 
to  the  temperature  of  the  caUbration  whenever  the  apparatus  is  used. 
Some  means  for  stirring  the  oil  is  also  desirable.  The  use  of  oil  also  enables 
the  use  of  higher  currents  in  the  coils,  as  the  heat  is  more  readily  dissipated 
in  the  oil.  Oil  immersion  also  reduces  thermoelectric  troubles  of  sUde  wires. 
It  is  recommended  that  the  containing  case  be  sealed,  thus  protecting  the 
resistances  from  the  action  of  atmospheric  moisture.  Where  accurate  caU- 
bration of  coils  under  10  ohms  is  desired,  auxiUary  potential  connections  to 
the  terminal  blocks  are  indispensable.  Such  connections  must  also  be 
provided  to  the  branch  points  and  terminals  of  ratio  coils  under  100  ohms. 
Coils  are  usually  connected  to  the  blocks  through  copper  posts.  Frequently 
each  block  carries  only  one  such  post,  and  the  terminals  of  adjacent  coils 
are  both  soldered  to  its  end.  This  construction  is  satisfactory  for  coils 
greater  than  100  ohms,  but  to  avoid  errors  in  calibration  of  the  lower  values 
a  separate  post  shoulc^  be  provided  for  the  connection  of  each  coil  to  the 
block.  If  the  highest  precision  is  desired  in  the  use  of  the  lower  resistances, 
switches  and  plugs  are  unsatisfactory,  and  recourse  must  be  had  to  the  use 
of  mercury  contacts.  Such  contacts,  when  kept  clean,  are  constant  to 
0.000002  ohm.  Caution  is  however  required  to  avoid  short-circuiting  the 
coils  by  stray  drops  of  mercury  between  the  blocks.  This  trouble  may  be 
eliminated  by  raising  each  metal  block  up  on  an  insulating  block. 

Tests  made  to  a  higher  accuracy  than  o.oi  per  cent;  tests  of  bridges, 
etc.,  at  other  than  room  temperatures;  and,  in  general,  approved  tests  not 
provided  for  in  the  other  schedules,  will  be  considered  special,  and  a  special 
fee  will  be  charged  for  them.  The  application  for  a  special  test  should  state 
fully  the  piupose  for  which  the  apparatus  has  been  used  or  is  to  be  used  in 
the  future,  the  need  for  the  test,  and  the  precision  desired.  The  test  should 
be  arranged  for  by  correspondence  before  shipment  of  the  apparatus.  The 
special  fee  charged  will  depend  chiefly  upon  the  time  consumed  and  the 
amount  of  alteration  required  in  the  regular  bureau  testing  set-ups.  An 
estimate  will  be  given  when  possible. 

6.  CERTIFICATES  AND  REPORTS 

When  apparatus  submitted  fulfills  the  requirements  for  certification,  it 
will  be  tested  and  given  a  certificate  of  corrections.  The  certificate  can  only 
indicate  the  corrections  of  the  apparatus  at  the  time  of  the  test,  and  does  not 
guarantee  the  constancy  of  the  values.  When  there  are  defects  which 
exclude  an  apparatus  from  certification,  a  report  will  be  rendered  giving 
such  information  as  we  have  found.  In  such  cases,  a  special  fee  will  be 
charged,  depending  upon  the  time  consumed. 
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7.  GENERAL  INSTRUCTIONS  TO  APPLICANTS  FOR  TESTS 

Application  for  test. — ^The  request  for  test  should  be  made  in  writing, 
addressed  to  "Bureau  of  Standards,  Washington,  D.  C,"  and  should  enu- 
merate the  articles  submitted  for  test,  giving  the  identification  marks  of 
each — for  example,  maker's  name  and  niunber — and  should  state  the  nature 
of  the  test  desired. 

Nature  of  test. — ^The  classification  of  tests  in  this  circtilar  should  be 
followed,  and  the  schedule  numbers  above  should  be  used  to  indicate  the 
test  desired.  Applicants  for  the  Grade  A  tests  should  state  the  character 
of  the  work  for  which  the  apparatus  is  to  be  employed.  When  the  desired 
test  is  not  included  imder  the  regular  schedules,  the  applicant  must  comply 
with  the  requirements  for  special  tests  on  page  24.  When  apparatus  is  sent 
simply  for  test,  without  definite  instructions,  the  Bureau  will,  if  practicable, 
decide  upon  the  natiu-e  of  the  test. 

Condition  of  apparatus. — Before  submitting  apparatus  for  test,  the 
appUcant  should  ascertain  that  it  fully  satisfies  the  requirements  for  the 
test  desired.  The  specifications  for  the  various  kinds  of  apparatus  are  given 
in  the  separate  schedules  above;  these  are  in  general  Uberal,  but  represent 
what  experience  has  shown  to  be  necessary  for  reUabiUty.  Apparatus  of 
radically  new  design,  or  otherwise  not  included  in  the  specifications,  will  be 
considered  on  its  merits.  All  apparatus  must  be  in  good  working  condition; 
the  insulation  must  be  adequate,  and  contacts  must  be  clean,  etc.  No 
repairs  will  be  made;  if  they  are  needed,  they  should  either  be  made  by  the 
applicant  or  the  apparatus  should  be  sent  to  the  maker  before  submitting 
for  test.  All  possible  care  will  be  taken  in  handling  apparatus,  but  the  risk  of 
injiuy  or  breakage  in  shipment  or  imder  test  must  be  borne  by  the  applicant. 

Identification  marks. — ^All  packages  should  bear  the  shippcar's  name 
and  address  and,  when  convenient,  d.  list  of  the  contents. 

Each  separate  piece  of  apparatus,  resistance  standard,  standard  cell,  or 
sample  of  material  should  be  provided  with  an  identification  mark,  which  in 
most  cases  may  be  the  maker's  name  and  number.  The  identification  mark 
should  be  given  in  the  application  for  the  test. 

Shipping  directions. — ^Apparatus  or  test  specimens  should  be  securely 
packed  in  cases  or  packages  which  will  not  be  brcdcen  in  transportation. 
The  shipment  in  both  directions  is  at  the  appUcant's  risk.  To  facilitate 
packing  and  shipping,  the  tops  of  the  cases  should  have  the  return  or  for- 
warding address  on  the  under  side  and  should  be  put  on  with  screws. 
Transportation  charges  are  payable  by  the  party  desiring  the  test  and  must 
be  prepaid.  Unless  otherwise  arranged  articles  will  be  returned  or  for- 
warded by  express  ''collect.'* 

Return  of  apparatus. — Regular  tests  will  be  made  in  the  order  in 
which  the  appUcations  are  received,  except  as  this  practice  may  be  varied 
by  grouping  similar  tests  together.  It  is  therefore  suggested  that  the  appli- 
cant maJce  request  for  a  test  from  two  weeks  to  a  month  preceding  the  ship- 
ment of  the  apparatus.  This  faciUtates  the  work  of  the  Bureau,  as  well  as 
the  prompt  return  of  the  apparatus. 

Address. — ^Apparatus  submitted  for  test,  as  well  as  all  correspondence, 
should  be  addressed  simply  "Bureau  of  Standards,  Washington,  D.  C." 
Apparatus  deUvered  in  person  or  by  messenger  should  be  accompanied  by  a 
written  request  for  the  test. 
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Remittances. — Fees  should  be  sent  with  the  request  for  test,  in  ac- 
cordance with  the  foregoing  schedules,  or  promptly  upon  receipt  of  bill. 
Certificates  are  not  given  nor  is  apparatus  returned  until  the  fees  due 
thereon  have  been  received.  Remittances  may  be  made  by  money  order 
or  check  drawn  to  the  order  of  the  '*  Bureau  of  Standards." 

8.  OTHER  ELECTRICAL  TESTING 

In  addition  to  the  electrical  testing  described  in  this  circular,  the  Elec- 
trical Division  of  the  Bureau  undertakes  other  tests,  as  follows: 

The  testing  of  electrical  measuring  instruments  is  described  in  full  in 
Circular  No.  20;  the  accurate  determination  of  the  constants  of  condensers 
and  inductance  coils  will  be  covered  by  a  circular  soon  to  be  issued;  mag- 
netic testing  is  described  in  Circular  No.  17.  These  circulars  will  be  sent 
to  interested  parties  on  request. 

9.  SCHEDULES  OF  FEES  FOR  TESTING 

SCHEDULE  71 

Precision  Resistance  Standards 

Grade  A, — Maximum  accuracy,  0.005  per  cent 


Accuracy 

I 

u 

lU 

IV 

Dtnamhiatkm 

Nunib6r  of 
tempenturM 

Pm 

addUlonal 

Fee  for  meas- 
urement at  25° 
C.  standards 
previously 
certified 

Fee  for  meas- 
urement  at  25** 
C,  standards 
not  previously 
certified 

Percent 

(a)      1             ohm 

0.005 

3 

$4.00 

$1.25 

$2.00 

$2.50 

(6)      10 

.005 

3 

4.00 

1.25 

2.00 

2.50 

(c)      100 

.005 

3 

5.00 

1.50 

2.50 

3.00 

{d)      1000 

.005 

3 

5.00 

1.50 

2.50 

3.00 

{e)      10000      " 

.01 

2 

5.00 

1.50 

2.50 

3.00 

(/)      100000    " 

.02 

2 

5.00 

1.50 

2.50 

3.00 

{9)0.1 

.005 

3 

4.00 

1.25 

2.00 

2.50 

(A)  0.01 

.005 

3 

5.00 

1.50 

2.50 

3.00 

(0  0.001 

.01 

2 

5.00 

1.50 

2.50 

3.00 

(j)  0.0001 

.01 

2 

6.00 

2.00 

,3.00 

3.50 

(Jk)  For  standards  having  values  2,  3,  4,  or  5  times  any  of  the  above,  and 
between  i  and  100  000  ohms,  the  fees  will  be  30  j>er  cent  additional. 

The  additional  fee  of  II  is  either  for  a  measurement  made  a  month  or 
more  after  the  I  measurement,  the  standard  remaining  at  the  Bureau 
between  the  measurements,  to  determine  the  constancy  of  the  standard 
over  that  interval;  or,  for  an  additional  measurement  with  a  current  larger 
than  the  usual  test  current. 

Under  III  are  included  standards  certified  at  the  national  testing 
laboratories  of  Germany,  England,  or  France,  accompanied  by  certificate, 
as  well  as  standards  previously  certified  at  this  Btweau. 


Digitized  by 


Google 


28  Circular  of  the  Bureau  of  Standards  [No.sj^jsted. 

SCHEDULE  72 

Precision  Resistance  Standards 

Grade  B. — Maximum  accuracy ,  0.025  per  cent 

(Fees  for  measurement  at  one  temperature,  25^  C.) 

(a)  1,  10,  and  0.1  ohm  standards $1.50 

\h)  100,  1000,  10000,  0.01,  and  0.001  ohm  standards 2.00 

(c)  100000  and  0.0001  ohm  standards : 2.50 

{k)  For  standards  having  values  2,  3,  4,  or  5  times  any  of  the  above, 
the  fees  will  be  30  per  cent  additional. 

SCHEDULE  73 

Resistance  Standards  for  Current  Measurement 

Grade  A. — Accuracy,  0,01  per  cent 


I 

n 

m 

Meaturement  at  room  tem- 
perature   with   low    test 
current 

Eitra  fee  for  addttional 

meaiurement  with  low  test 

currentf  10^  at>ove  room 

temperature 

Extra  fee  for  additional 
measurement  with  test  cur- 
rent not  ezceedhig— 

(a)  1.           ohm 

$2.50 

$2.00 

3  amp.,  $1.00 

(6)     .1 

2.50 

2.00 

15     *'        1.25 

(c)     .01 

3.00 

2.00 

100     "        1.50 

(rf)    .001        " 

3.50 

2.00 

500     *'        1.75 

(c)     .0001     " 

4.00 

2.00 

1000     "        2.00 

(jfe)  For  standards  having  values  2,  3,  4,  or  5  times  any  of  the  above, 
the  fees  will  be  40  per  cent  additional. 

*'  Low  test  current "  above  signifies  a  test  current  so  small  as  to  produce 
no  appreciable  heating  of  the  standard. 

SCHEDULE  74 

Resistance  Standards  for  Current  Measurement 

Grade  B, — Accuracy,  0.025  per  cent 


I 

n 

I>enonT  Inatlon 

Bieasurement  at  room  temperature 
with  low  test  current 

with  test  current  not  ezceedinc— 

(a)l. 

ohm 

$2.00 

3  amp.,  $0.75 

W    .1 

( < 

2.00 

15      '•        1.00 

(c)     .01 

1 1 

2.50 

100     *'        1.25 

(rf)    .001 

^  t 

3.00 

500     "        1.50 

(e)     .0001 

'  * 

3.50 

1000     *'        1.75 

(k)  For  standards  having  values  2,  3,  4,  or  5  times  any  of  the  above, 
the  fees  will  be  40  per  cent  additional. 
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SCHEDULE  75 

Precision  Resistance  Apparatus 

Grade  A, — Accuracy  (in general),  0,01  per  cent 

(a)  Minimum  fee  for  each  piece  of  apparatus $3.00 

(b)  Rheostats,  bridges  (excepting  ratio  coils),  potentiometers  (excepting  coils  for  reducing 

range),  etc.,  per  coil .25 

(c)  Ratio  coils  of  bridges,  per  coil 50 

(d)  Calibration  of  slide  wire,  per  point 25 

(e)  Reduction  factors  for  potentiometer,  per  factor * 2.00 

(f)  Cleaning  contacts,  per  contact 10 

VOLT  BOXES,  FACTORS- 

(g)  Test  with  low  voltage,  per  factor 1.50 

Test  with  service  voltage  {maximum  730  volts) — 

(h)         factors  2,  3,  5,  or  10,  each 2.00 

(i)  factors  20,  30,  50,  or  100,  each 3.00 

(j)  factors  200,  300,  500,  or  1000,  each 4.00 

SCHEDULE  76 
Precision  Resistance  Apparatus 

Grade  B. — Accuracy  (in  general),  0.025  per  cent 

(a)  Miwinnftn  fee  for  each  piece  of  apparatus $2.50 

(b)  Rheostats,  bridges  (excepting  ratio  coils),  potentiometers  (excepting  coils  for  reducing 

range),  etc.,  per  coil .20 

(c)  Ratio  coils  of  bridges,  per  coil 40 

(d)  Calibration  of  slide  wire,  per  point J20 

(e)  Reduction  factors  for  potentiometers,  per  factor 1.50 

VOLT  BOXES,  FACTORS- 

(f)  Test  with  low  voltage,  per  factor 1.00 

Test  with  service  voltage — 

(g)  factors  2,  3,  5,  or  10,  each 1.50 

(h)         factors  20,  30,  50,  or  100,  each 2.50 

(!)          factors  200,  300,  500,  or  1,000,  each 3.50 

SCHEDULE  77 

Precision  Resistance  Apparatus 

Grade  C, — Checking  to  an  accuracy  of  0.025  per  cent 

(a)  Minimum  fee  for  each  piece  of  apparatus $2.00 

(b)  Rheostats,  bridges  (excepting  ratio  coils),  potentiometers,  etc.,  per  coil 15 

(c)  Ratio  coils  of  bridges,  per  coil 30 

(d)  Calibration  of  slide  wire,  per  point 15 

(e)  Reduction  factors  for  potentiometers,  per  factor 1.00 

VOLT  BOXES,  FACTORS- 

(f)  Test  with  low  voltage,  per  factor 1.00 

Test  wilh  service  voltage — 

(g)  factors  2,  3,  5,  or  10,  each 1.25 

(h)         factors  20,  30,  50,  or  100,  each 2.00 

(i)  factors  200,  300,  500,  or  1000,  each 3.00 

NoTS. — If  the  accuracy  of    adjustment   is  found   not  to  be  within  the  limits  specified 
throughout,  an  additional  fee  will  be  charged  (see  p.  21). 
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SCHEDULE  78 
Electrical  Properties  of  Conductors 

(a)  Resistance  per  unit  len^ $2.00 

(b)  Resistance  per  meter-gram 3.00 

(c)  Specific  resistance  (and  percentage  conductivity) 4.00 

(d)  Resistance  temperature  formula 5.00 

(e)  When  the  resistance  is  less  than  .001  ohm  per  meter,  additional  fee 1.00 

(f)  For  the  calibration  of  standards  for  conductivity  bridges  (the  fee  may  depend  on  the 

time  required  in  making  the  test),  pej  point 2.00 

(g)  Thermoelectromotive  force  against  copper 2.50 

SCHEDULE  79 

Standard  Cells 

Accuracy,  0,0002  volt 

(a)  Testing  standard  cells  at  one  temperature,  about  25°  C S2.00 

S.  W.  Stratton, 

Director. 
Approved: 

Charles  Nagel, 

Secretary. 
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These  specifications  have  been  drawn  up  with  the  purpose  of  providing 
a  standard  specification  for  the  purchase  of  transformers  of  the  type  most 
commonly  used  both  by  the  government  departments  and  by  other  pur- 
chasers. They  have  been  so  drawn  as  to  secure  the  most  serviceable 
apparatus  on  the  market,  and  at  the  same  time  to  admit  the  regular  product 
of  reputable  manufacturers.  To  this  end  the  cooperation  of  government 
engineers  and  of  representatives  of  many  of  the  leading  manufacturers 
has  been  secured,  and  it  is  largely  due  to  help  and  criticism  from  these 
sources  that  the  specifications  are  representative  of  the  best  practice 
among  manufacturers. 

The  specifications  are  based  upon  those  issued  by  the  Navy  Depart- 
ment in  1908,  and  known  as  *'2T3,''  but  have  been  considerably  changed 
with  a  view  to  admitting  all  reliable  makes  of  transformers  without  opening 
any  loopholes  for  the  introduction  of  inferior  apparatus.  There  is  no 
doubt  still  room  for  improvement,  and  any  suggestion  to  this  end  from 
either  manufacturers  or  users  will  be  welcomed,  and  will  receive  careful 
consideration  in  revising  the  specifications  from  time  to  time. 

The  specifications  may  be  used  for  transformers  of  other  frequencies, 
voltages,  etc.,  by  appropriate  changes  in  the  numerical  values. 

S.  W.  Stratton,  Director. 
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PROPOSALS 


1.  Bidders  shall  include  in  their  proposals  complete  information  with 
reference  to  the  following  characteristics  of  the  transformers  which  they 
oflFer,  and  no  bid  will  be  considered  with  guarantees  inferior  to  those  speci- 
fied in  Table  I. 

Core  loss. 

Copper  loss  under  full  load. 

Efficiency. 

Regulation. 

Weight. 

Dimensions  (sketch  or  drawing) . 
These  data  shall  apply  to  a  temperature  of  25®  C.     All  other  factors 
being  equal,  preference  will  be  given  to  the  apparatus  having  the  best  per- 
formance characteristics. 

GENERAL 

2.  Type,  Frequency,  and  Voltage. — These  transformers  shall  be  either 
of  the  shell  type  or  of  the  core  type;  shall  be  oil-immersed  and  designed  for 
operation  on  60-cycle  circuits.  The  primary  voltage  shall  be  2200,  and 
the  secondary  shall  be  so  arranged  that  either  no  or  220  volts  may  be 
obtained  with  2200  volts  on  the  primary. 

3.  Materials  and  Workmanship, — ^The  materials  entering  into  the 
construction  of  these  transformers  shall  be  of  the  highest  grade,  and  of  a 
quality  and  character  best  suited  to  the  purpose  in  hand.  The  workman- 
ship shall  be  first  class  in  every  respect  and  shall  meet  with  the  approval  of 
the  representative  of  the  purchaser. 

4.  Rating. — ^Transformers  shall  be  rated  at  the  number  of  kilowatts 
which  they  can  deliver  without  exceeding  the  specified  rise  of  temperature 
when  operating  at  unity  power  factor,  and  under  normal  conditions  of  fre- 
quency and  secondary  voltage. 

5.  Name  Plate. — Each  transformer  shall  bear  a  name  plate,  which  shall 
state  name  of  maker,  serial  number,  type,  and  kilowatt  capacity  of  the  trans- 
former, also  the  primary  and  secondary  voltages  and  the  frequency  for  which 
the  transformer  is  designed. 

DETAILS  OF  CONSTRUCTION 

6.  Cases. — ^Transformer  cases  shall  be  made  of  cast  iron  or  of  sheet 
iron  fastened  to  cast-iron  bases  in  a  satisfactory  manner  and  provided  with 
cast-iron  covers.  Eyebolts  or  hooks  shall  be  provided  for  handling  the 
transformers  filled  with  oil.  Cases  shall  be  free  from  leaks,  and  shall 
be  impervious  to  oil.  Covers  shall  be  provided  with  felt  or  other  suitable 
gaskets.  The  cases  of  all  transformers  above  5  kilowatts  capacity  shall 
be  provided  with  oil  plugs  for  removing  the  oil  from  the  case.    Oil  gages 
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shall  be  provided  for  any  individual  case  where  conditions  render  their  use 
expedient,  and  in  such  instances  they  will  be  separately  specified. 

7.  Hangers  and  Cut-outs. — Unless  specified  to  the  contrary,  trans- 
formers up  to  50  kilowatts  shall  be  provided  with  hanger  irons  for  support- 
ing the  transformers  when  mounting  same  on  poles.  Two  plug  cut-outs 
shall  be  provided  for  the  high-tension  side  of  each  transformer. 

8.  Leads  and  Connection  Boards. — Four  secondary  leads  shall  be 
brought  out  of  the  case  through  porcelain  bushings,  which  shall  be  sealed 
into  the  case  with  a  suitable  compound  which  will  not  soften  sufficiently  to 
flow  at  any  temperature  less  than  90°  C.  Two  primary  leads  shall  be  brought 
out  in  a  similar  manner.  The  ends  of  the  primary  coils  shall  be  brought  to  a 
convenient  connection  board  of  porcelain  or  other  suitable  material  within 
the  case,  and  so  arranged  that  the  primary  coils  may  be  put  in  series  or  in 
multiple. 

9.  Core. — The  core  shall  be  built  of  laminated  sheet  steel,  so  firmly 
assembled  that  no  buzzing  is  perceptible,  and  shall  be  nonaging.  At  the 
option  of  the  purchaser  an  artificial  aging  test  may  be  made  upon  a  sample 
of  the  core  material  or  upon  a  finished  transformer. 

10.  Windings  and  Insulation. — The  primary  coils  shall  be  insulated 
from  the  secondary  by  a  shield  of  ample  dielectric  strength.  Each  turn 
shall  be  thoroughly  insulated,  and  the  voltage  between  adjacent  turns 
kept  as  low  as  is  consistent  with  good  design.  Coils  shall  be  carefully 
taped  and  leads  shall  be  brought  out  in  a  thoroughly  workmanlike  manner. 
Coils  shall  be  dried  by  the  vacuum  process,  and  impregnated  with  an  insu- 
lating compound  which  is  not  hygroscopic  and  not  soluble  in  nor  acted 
upon  by  the  transformer  oil  at  operating  temperatures,  or  else  the  insu- 
lating material  used  shall  be  moisture  proof.  The  windings  shall  be  so 
disposed  as  to  permit  the  free  circulation  of  oil  and  the  maintenance  of  a 
nearly  uniform  temperature  throughout. 

11.  Oil. — ^The  oil  used  in  these  transformers  shall  be  a  pure  mineral 
oil  obtained  by  the  fractional  distillation  of  petroleum,  unmixed  with  any 
other  substance.  It  shall  be  prepared  and  refined  especially  for  the  pur- 
pose, and  shall  be  free  from  moisture,  acid,  alkali,  and  sulphur  compounds. 
The  flash  point  of  the  oil,  determined  in  a  closed  cup,  shall  be  not  less 
than  170°  C,  and  on  cold  test  it  shall  not  begin  to  solidify,  and  no  wax 
shall  form  in  the  oil  above  0°  C. 

Sufficient  oil  shall  be  furnished  to  completely  immerse  core,  windings, 
and  connection  board. 

The  oil  shall  withstand  a  breakdown  test  of  30000  volts  between 
spherical  surfaces  of  0.5  cm  radius,  0.40  cm  apart. 

TESTS  AND  PERFORMANCE 

12.  Inspection  Requirements. — All  transformers  will  be  tested  at  the 
place  of  manufacture,  in  the  presence  of  a  representative  of  the  purchaser, 
if  the  latter  so  desires.  The  contractor  shall  give  ten  days*  notice  to  the 
purchaser  of  his  readiness  to  make  the  specified  tests,  and  shall  furnish 
all  labor,  materials,  instruments,  observers,  complete  facilities  for  tests, 
including  those  enumerated  in  paragraph  No.  14,  and  such  information 
regarding  the  transformers  as  is  available  without  additional  tests,  as  the 
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purchaser's  representative  may  consider  necessary  for  a  definite  opinion  of 
their  acceptabiUty.  He  shall  permit  the  representative  to  examine  the 
transformers  at  all  times  from  the  beginning  of  their  manufacture.  The 
results  of  all  tests  specified  herein  shall  be  given  by  the  manufacturer  to 
the  purchaser  or  his  representative  in  the  form  of  a  certified  report. 

13.  Description  of  Tests. — ^The  following  tests  will  be  made  upon 
all  of  the  transformers: 

(a)  Design,  matericUs,  and  workmanship. — Action  upon  these  features 
will  be  based  on  the  requirements  of  the  specifications  and  observations 
made  while  the  apparatus  is  under  test. 

(6)  Core  loss, — Core  loss  and  exciting  current  shall  be  taken  cold  at 
approximately  25°  C.  Core  loss  shall  be  measured  with  a  wattmeter  at 
normal  frequency  and  voltage,  using  power  from  a  generator  giving  a  sine 
wave,  when  such  is  available.  When  a  pure  sine  wave  is  not  available,  it 
shall  be  permissible  to  use  any  wave  form  which  comes  within  the  A.  I.  E.  E. 
definition  of  a  sine  wave,  adjusting  the  test  voltage  so  that  the  core  loss  will  be 
the  same  as  with  normal  voltage  and  sine  wave.  Where  voltage  can  not 
be  regulated  by  excitation  of  the  generator,  it  must  be  done  with  auto- 
transformers  and  not  by  rheostats  in  series  with  the  transformer  to  be  tested. 
The  average  of  the  core  losses  of  the  full  number  of  transformers  of  the  same 
size  on  one  order  shall  not  exceed  the  value  stated  in  the  proposal,  and  the 
maximum  core  loss  must  in  no  case  exceed  this  value  by  more  than  10  per  cent. 

(c)  Exciting  current. — ^The  exciting  current,  as  observed  during  the 
test  for  core  loss,  shall  in  no  case  exceed  10  per  cent  of  the  full  load  current, 
and  for  transformers  of  10  kw  or  larger,  shall  not  exceed  8  per  cent  of  full 
load  current.  With  an  applied  voltage  10  per  cent  above  normal,  the  excit- 
ing current  shall  not  exceed  20  per  cent  of  the  full  load  current. 

(d)  Copper  loss. — The  copper  loss  shall  be  determined  by  separate 
measiu-ements  of  primary  and  secondary  resistance  at  or  corrected  to  25°  C. 
The  average  copper  loss  of  the  full  number  of  transformers  of  the  same 
size  on  one  order  shall  not  exceed  the  value  of  copper  loss  given  for  that  size 
in  the  proposal,  and  the  maximum  copper  loss  must  in  no  case  exceed  this 
value  by  more  than  10  per  cent. 

{e)  Regulation. — The  regulation  shall  be  computed  from  the  measured 
resistances  and  the  reactive  drop  of  voltage,  using  the  following  expressions. 
For  unity  power  factor: 

Per  cent  regulation  =  — = —  (i ) 

For  60  per  cent  power  factor: 

Per  cent  regulation  =  100  1 ^ j  (2) 

where  E  is  the  rated  primary  voltage,  P  the  reactive  drop  of  voltage,  /  the 
full  load  primary  current  (not  including  exciting  ciurent) .  The  equivalent 
resistance,  /?,  of  primary  and  secondary  combined,  is  fotmd  by  multiplying 
the  secondary  resistance  by  the  square  of  the  ratio  of  turns,  and  adding  to 
the  primary  resistance. 

The  impedance  voltage,  e,  is  found  by  short-circuiting  the  secondary 
winding,  and  measuring  the  voltage  necessary  to  send  full-load  current 
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through  the  primary.     The  reactive  drop  is  then  computed  from  the 
expression 

P=^^je'-PR^  (3) 

The  per  cent  regulation  computed  in  this  way  shall  not  exceea  the 
values  given  in  Table  I.  Under  conditions  of  maximum  unbalancing,  that 
is,  with  full-load  ciurent  on  one  side  and  no  load  upon  the  other  side,  the 
difference  in  voltage  shall  not  exceed  the  stated  per  cent  regulation. 

(/)  Heating, — ^The  two  transformers  of  each  size  whose  combined  core 
and  copper  losses  come  nearest  to  the  values  stated  in  the  propwDsal  shall  be 
selected  for  a  heating  test  of  that  type  and  size.  They  may  be  overloaded 
and  overexcited  to  hasten  the  rise  of  temperatiu-e  to  the  ultimate  value 
imder  constant  full  load,  and  the  final  temperatiu^e  in  any  part,  maintained 
for  one  hoiu-  under  constant  full  load  and  normal  voltage  and  frequency, 
shall  not  exceed  the  temperature  of  the  room  (corrected  to  25®  C)  by  more 
than  50°  C.  The  rise  of  temperature  shall  be  determined  by  the  increase  of 
resistance  of  the  windings  and  by  thermometer  in  the  oil,  placed  as  directed 
by  the  representative  of  the  purchaser,  and  the  highest  indicated  tempera- 
tiu-e  shall  be  taken  to  determine  the  rise. 

If  the  test  be  not  made  with  sine  wave  and  rated  frequency,  the  applied 
voltage  shall  be  adjusted  to  make  the  core  loss  the  same  as  when  operating 
on  sine  wave  of  normal  voltage  and  frequency.  The  load  ciurent  in  amperes 
shall  be  based  upon  rated  volts  and  watts. 

The  transformers  may  be  loaded  with  a  noninductive  load,  or  they  may 
be  subjected  to  loading  conditions  by  the  opposition  method. 

The  rise  of  temperatiu-e  of  other  transformers  of  the  same  size  and 
type  shall  be  computed  from  the  sum  of  core  and  hot  copper  losses  on  the 
assumption  that  the  temperature  rise  is  proportional  to  the  combined  losses. 
The  hot  copper  loss  shall  be  computed  on  the  assumption  of  a  propwDrtional 
increase  over  the  cold  copper  loss,  equal  to  the  average  proportional  increase 
in  the  two  transformers  subjected  to  heating  test. 

Any  transformer  in  which  the  computed  temperature  rise  exceeds  the 
above  limits  shall  be  rejected,  or,  at  the  option  of  the  manufactiu-er,  sub- 
jected to  an  actual  heating  test. 

{g)  Insulation, — ^The  transformers  shall  withstand  for  one  minute  an 
alternating  electromotive  force  of  10  000  volts,  60  cycles,  between  primary 
coil  and  core,  case  and  secondary  coil,  and  4000  volts  between  secondary 
coil  and  core  and  case.  Transformers  shall  also  withstand  for  one  minute 
twice  the  rated  voltage  applied  to  the  primary  coil.  These  tests  are  to  be 
made  before  oil  has  been  put  in  the  cases. 

At  the  end  of  the  heating  run,  the  insulation  tests  shall  be  repeated 
upon  the  two  hot  transformers  while  filled  with  oil. 

MANUFACTURER'S  FAdLITIES 

14.  The  manufacturer  shall  provide  complete  and  suitable  equipment 
for  making  tests,  which  shall  include  the  following: 

(a)  A  source  of  supply  of  approximately  sine  wave  and  rated  frequency. 

(6)  Means  for  tracing  wave  forms  or  determining  the  correction  neces- 
sary in  order  to  get  sine-wave  results. 
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(c)  Means  for  determining  the  frequency,  by  tachometer  connected  to 
the  generator,  or  by  frequency  meter  of  the  vibrating-reed  type. 

(d)  Calibrated  instruments  of  suitable  capacity  for  measuring  watts, 
volts,  and  amperes. 

(e)  Apparatus  for  accurate  measurement  of  resistance,  preferably  by 
the  drop  of  potential  method. 

(/)  Apparatus  for  high-potential  insulation  tests,  including  spark  gap 
for  measurement  of  applied  voltage. 

(g)  Facihties  for  flash  point,  evaporation,  dielectric  strength  and  cold 
tests  of  transformer  oil. 

(A)  Suitable  means  for  loading  transformers  by  opposition,  or  else 
water  rheostats  or  lamp  banks  for  direct  noninductive  loading. 

BASIS  FOR  COMPARING  GUARANTEES 

15.  In  case  the  proposals  offered  by  different  bidders  in  accordance 
with  these  specifications  guarantee  core  losses  less  than  those  specified  in 
Table  I,  each  watt  of  difference  shall  be  evaluated  at  $0.88  for  purposes  of 
comparison.  For  the  same  purpose,  copper  loss  shall  be  evaluated  at  $0.33 
per  watt  for  each  watt  difference  between  values  specified  in  Table  I  and 
the  full-load  value  guaranteed  by  the  bidder. 

REJECTION  OPTIONAL 

16.  In  case  transformers  submitted  under  these  specifications  show 
upon  test  average  core  or  copper  losses  in  excess  of  those  stated  in  the 
proposal,  the  purchaser  shall  have  the  option  of  accepting  them  at  a  reduction 
from  the  price  bid,  the  reduction  to  be  determined  by  making  the  same 
allowance  per  watt  for  the  excess  loss  as  specified  under  section  15. 

TABLE  NO.  I 
Maximum  Core  and  Copper  Losses 


Per  C«nt  Refulatkm 

Rating  in 
Kilowatti 

CoreLoM 
in  Watt! 

•tFuULMd 

r9W9t  FSCtOr 

-1.00 

-0.60 

1 

21 

26 

2.6 

3.1 

1.5 

26 

36 

2.5 

3.1 

2 

30 

46 

2.4 

3.1 

2.5 

33 

55 

2.3 

3.1 

3 

36 

64 

2.2 

3.1 

4 

41 

80 

2.1 

3.2 

5 

45 

93 

2.0 

3.2 

7.5 

64 

125 

1.9 

3.2 

10 

82 

160 

1.7 

3.2 

15 

110 

216 

1.6 

3.2 

20 

135 

280 

1.5 

3.2 

25 

160 

323 

1.4 

3.2 

30 

175 

374 

1.3 

3.2 

40 

210 

470 

1.2 

3.2 

50 

255 

580 

1.2 

3.3 

75 

400 

875 

1.1 

3.3 

100 

560 

1000 

1.0 

3.4 
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NOTES  TO  THE  SPECIFICATIONS 

9.  An  artificial  aging  test,  carried  out  by  maintaining  the  core  mate- 
rial at  a  temperature  between  90°  and  100°  C  for  two  weeks,  is  a  sufiicient 
indication  of  this  property  of  the  core.  If  the  core  losses  increase  by  as 
much  as  5  per  cent  during  this  treatment,  the  transformers  should  be 
rejected. 

Silicon  steel  of  good  quality  is  practically  nonaging,  and  as  the  per- 
formance characteristics  necessitate  the  use  of  this  material,  there  is  little 
danger  of  aging.  When  an  aging  test  is  required,  the  cost  should  be  borne 
by  the  purchaser.  In  the  case  of  purchases  by  bureaus  of  the  Government, 
such  tests,  if  desired,  can  be  carried  out  at  the  Bured,u  of  Standards  at  the 
expense  of  the  Government. 

II.  The  presence  of  nonmineral  oils,  except  rosin  oil,  can  be  detected 
by  heating  to  240°  C  with  solid  caustic  potash.  Foaming  during  heating, 
or  gelatinization  within  a  half  hour  after  cooling,  indicates  the  presence  of 
fat  or  fatty  oil.  Rosin  oil  can  be  detected  by  shaking  the  oil  with  half  its 
voltune  of  acetic  anhydride,  and  allowing  the  two  layers  to  separate.  On 
adding  one  or  two  drops  of  sulphuric  add  (about  1.58  sp.  gr.)  the  presence 
of  rosin  oil  is  indicated  by  a  reddish-purple  coloration. 

Addendum  to  11, — ^The  breakdown  test  will  be  sufficient  evidence  of 
absence  of  moisture.  Admixture  of  volatile  oils  will  be  shown  by  a  flash  at 
low  temperature,  which  may  not  be  repeated  upon  successive  trials.  The 
lowest  temperature  at  which  a  flash  is  obtained  should  be  taken  as  the  flash 
point.  Breakdown  and  flash-point  tests  should  be  made  on  every  lot  of  oil; 
other  tests  only  when  considered  necessary  by  purchaser. 

For  breakdown  test  see  note  to  section  13  {g), 

13  (6).  The  Standardization  Rules  of  the  American  Institute  of  Elec- 
trical Engineers  contain  the  following: 

80.  A  maximum  deviation  of  the  wave  from  sinusoidal  shape  not  exceeding  lo  per  cent  is 


from  the  sinusoidal  is  measured  by  determining  the  form  by 


permissible,  except  when  otherwise  specified. 

81.  The  deviation  of  wave  form  from  the  smusoidal  is  measured  by  determmine  1 
oscillograph  or  wave  meter,  computing  therefrom  the  equivalent  sine  wave  of  equal  length,  supef- 
|X)sing  the  latter  upon  the  observed  wave  in  such  a  manner  as  to  give  the  least  difi'erence,  and 
then  dividing  the  maximum  difference  at  any  ordinate  by  the  maximum  value  of  the  equivalent 
sine  wave. 

82.  The  equivalent  sine  wave  is  a  sine  wave  having  the  same  frequency  and  the  same  effective 
(or  root  of  mean  square)  value  as  the  actual  wave. 

When  the  form  factor  of  the  wave  is  determined  without  actually  tra- 
cing the  wave,  it  should  come  within  the  limits  of  1.07  and  1.17. 

The  core  loss  is  made  up  of  two  parts,  the  one  due  to  hysteresis,  the 
other  to  eddy  currents.  For  a  given  frequency  the  latter  depends  only  upwDn 
voltage,  while  the  hysteresis  depends  also  upon  the  form  factor  of  the  wave, 
and  is  proportional  to  some  power  (usually  taken  as  i  .6)  of  the  quotient  of 
voltage  divided  by  form  factor.  The  correct  hysteresis  loss  is  obtained  by 
making  the  voltage  proportional  to  the  form  factor,  the  normal  voltage 
corresponding  to  a  form  factor  of  1.1106.  The  voltage  necessary  to  give 
the  correct  total  loss  depends  upon  the  ratio  of  hysteresis  loss  to  eddy  cur- 
rent loss.  If  the  hysteresis  is  h  per  cent  of  the  total,  a  sufficiently  approxi- 
mate correction  to  the  voltage  is  h  per  cent  of  /  per  cent,  where  /  is  the  per- 
centage by  which  the  form  factor  differs  from  i.ii.     The  percentage  of 
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hysteresis  need  not  be  known  accmrately,  and  will  usually  lie  between  70 
and  80  for  a  60-cycle  transformer. 

If  a  "  core-loss  voltmeter  "  be  used  to  correct  for  wave  form,  it  should  be 
calibrated  for  about  the  same  proportion  of  h)rsteresis  and  eddy  current 
losses  as  applies  to  the  transformers  tested.  A  transformer  of  the  same 
type  and  voltage  whose  core  loss  has  been  determined  at  some  standardizing 
laboratory  upon  sine  wave  may  be  used  in  correcting  the  voltage.  Evidence 
of  such  test  must  exist  in  the  form  of  a  certificate  with  date  anteceding  that 
of  the  present  test  by  less  than  one  year. 

A  tolerance  of  two  cycles  in  the  adjustment  of  frequency  may  be  allowed, 
that  is,  the  frequency  must  be  between  the  limits  of  58  and  62  cycles  per 
second,  and  the  effect  of  frequency  upon  the  core  loss  may  be  neglected 
when  within  these  limits. 

13  (d).  A  check  on  the  determination  of  copf)er  loss  by  resistance 
measurement  should  be  made  by  a  measiu-ement  by  wattmeter,  and  result 
reported  in  certificate. 

13  (e).  The  complete  expression  for  regulation  at  unity  power  factor  is 

Per  cent  regulation  =  100    "n^  +"(  n^ )  I  (4) 

and  at  60  per  cent  power  factor  is 

^       ^      ,  ^.         ro.6  iR +O.S  p  ,  1/0.8  iR -0.6  p\n 

Per  cent  regulation  =  100   ^ h  -4 ^ 1 


(5) 


but  the  terms  omitted  in  the  simpler  expressions  (i)  and  (2)  affect  the  result 
by  only  a  few  hundredths  of  i  per  cent,  and  this  much  margin  is  allowed 
the  manufactiu-er  for  the  sake  of  simplifying  the  computation. 

13  (/).  In  computing  rise  of  temperature  and  in  correcting  results 
to  a  room  temperatiu-e  of  25°  C,  the  Standardization  Rules  of  the  A.  I.  E.  E. 
shall  be  followed.  Appendix  E  of  said  rules  gives  the  temperattue  coeffi- 
cient for  resistance  of  copper  for  any  initial  temperature,  based  upon  the 
relation 

R,  =  R^ii+.oo42t)  (6) 

where  /  is  the  temperature  in  degrees  centigrade.  According  to  Rule  269, 
the  observed  rise  of  temperatiu-e  should  be  corrected  by  one-half  per  cent 
for  each  degree  of  difference  of  room  temperature  from  25°  C. 

In  adjusting  the  voltage  to  give  the  proper  core  loss,  correction  for 
wave  form  should  be  made  as  stated  under  13  (6).  If  the  frequency  differs 
appreciably  from  normal,  an  additional  correction  therefor  should  be  made 
to  the  voltage,  of  a  percentage  equal  to  three-tenths  of  the  percentage  by 
which  the  frequency  differs  from  the  normal. 

Independent  adjustments  may  be  made  of  the  voltage  to  give  proper 
core  loss,  and  of  the  load  current  to  give  proper  copper  loss. 

In  the  opposition  method  of  loading,  one  winding  (say  primary)  of  each 
transformer  is  connected  to  a  line  supplying  the  proper  voltage  to  excite  the 
cores.  The  other  windings  (say  secondary)  are  connected  in  series  with 
each  other  and  with  an  ammeter  and  auxiliary  transformer  which  is  excited 
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imtil  full  load  current  is  indicated  upon  the  ammeter.  This  auxiliary 
transformer  must  be  supplied  from  the  same  source  which  is  exciting  the 
cores. 

13  (g).  The  specified  voltages  should  be  determined  by  spark  gap 
measiwements.  When  a  sine  wave  is  used  in  the  test,  static  voltmeters  or 
calibrated  transformers  may  be  used  for  measuring  the  voltage.  When  a 
spark  gap  is  used,  Appendix  D  of  the  A.  I.  E.  E.  Standardization  Rules 
shall  apply.  Rules  218,  224,  229,  233,  234,  235,  236  should  be  observed  in 
making  this  test.  In  applying  double  voltage  to  the  primary,  a  frequency 
higher  than  normal  may  be  used. 

15.  The  valuation  to  be  put  upon  core  and  copper  losses  should  be 
fixed  to  suit  the  cost  of  power  and  conditions  of  use  affecting  any  particular 
installation. 

This  section  may  be  omitted  when  it  is  desired  to  award  contract  to 
lowest  bidder  regardless  of  performance  guarantees. 

The  values  given  are  computed  upon  a  cost  for  core  loss  of  i  cent  per 
kilowatt  hour,  for  copper  loss  of  3  cents  per  kilowatt  hour;  interest  and 
depreciation  are  assimied  at  10  per  cent;  copper  loss  is  based  upon  full  load 
for  three  hours  per  day,  core  loss  nmning  on  constantly.  Since  the  valuation 
is  proportional  to  the  time  and  to  the  cost  of  power,  and  inversely  propor- 
tional to  the  percentage  for  interest  and  depreciation,  the  figures  given 
can  be  easily  altered  to  suit  other  conditions.  Thus,  if  power  costs  3  cents 
for  core  loss  and  6  cents  for  copper  loss,  the  valuations  should  become  $2.63 
and  $0.66  per  watt,  whereas  if  all  power  costs  i  cent  per  kilowatt  hour,  the 
valuations  should  become  $0.88  and  $0.11.  Different  costs  for  core  and 
copper  loss  have  been  assumed  in  recognition  of  the  fact  that  power  is  worth 
more  at  the  time  of  peak  load  than  during  the  remainder  of  the  twenty-four 
hotus. 

Table  I, — ^These  limitations  of  values  have  been  chosen  so  as  to  assiwe 
good  design  for  average  conditions.  In  particular  cases  it  will  be  advan- 
tageous to  waive  these  limits  in  order  to  secure  transformers  best  suited 
to  the  ptupose.  Thus,  if  power  be  very  cheap  or  the  transformers  be  not 
excited  throughout  the  twenty-four  hours,  it  will  be  advisable  to  increase 
core  losses  and  decrease  copper  losses.  This  would  be  further  indicated  by 
the  valuation  put  upon  the  losses  in  section  15. 
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INTRODUCTION 

In  publishing  at  this  time  the  first  portion  of  the  results  of  the  work 
that  has  been  done  by  the  Bureau  of  Standards  on  the  subject  of  the  Stand- 
ardization of  Electrical  Practice  in  Mines  it  is  proper  to  explain  the  cir- 
cumstances under  which  the  work  was  taken  up. 

On  March  ii,  1909,  the  following  letter  was  received  from  the  secretary 

of  the  American  Mining  Congress: 

Thb  Ambrican  Mining  Congrbss, 

Denver f  Colo.,  March  6,  1909. 
S.  W.  Stratton, 

Director  Bureau  of  Standards,  Washington,  D.  C. 

My  Dbar  Sir:  At  the  recent  session  of  the  American  Mining  Congress  held  at  Pittsburg,  Pa., 
a  resolution  offered  by  David  B.  Rushmore,  of  Schenectady,  N.  Y.,  as  amended  by  the  committee 
on  resolutions,  was  adopted  by  the  convention.  Copy  of  these  resolutions,  as  adopted,  is 
herewith  inclosed. 

Our  board  of  directors  have  requested  me  to  ask  you  to  accept  a  place  upon  this  committee 
as  the  independent  electrical  engineer. 

The  representatives  of  the  manufacturers  selected  are:  David  B.  Rushmore,  of  Schenectady, 
N.  Y.,  representing  the  General  Electric  Company,  and  W.  A.  Thomas,  of  Pittsburg,  Pa.,  repre- 
senting the  Westinghouse  Electric  &  Mfg.  Co. 

It  is  proposed  to  ask  the  coal  operators  to  select  two  members,  and  that  the  U.  M.  W.  of  A 
and  the  A.  F.  of  L.  shall  each  be  requested  to  choose  a  member  to  represent  the  miners.  It  has 
been  thoueht  best  to  have  the  membership  of  this  committee  centralized  in  the  eastern 
portion  of  the  country,  in  order  that  tne  attendance  of  the  members  of  the  com- 
mittees at  its  meetings  may  be  more  easily  secured.  While  it  is  not  customary  for  this  or- 
ganization to  go  outside  of  its  members  in  the  appointment  of  its  committees,  yet  this  seems 
to  be  a  committee  reauirin^  that  this  course  shall  be  pursued,  and  we  greatly  hope  that  you  will 
be  willing  to  undertake  this  service,  and  that  through  the  work  of  this  committee  much  good 
may  be  accomplished.  I  shall  also  hope,  through  your  connection  with  this  committee,  to 
have  the  pleasure  of  meeting  you  personally,  and  that  through  this  work  the  Bureau  of  Standards 
and  our  organization  may  be  brought  into  a  close  working  sympathy. 

Trusting  that  we  may  have  an  early  and  favorable  response,  I  am, 
Very  respectfully,  yours, 

(Signed)  Jambs  F.  Callbrbath,  Jr., 

Secretary. 

The  resolution  referred  to  in  the  above  letter,  authorizing  the  appoint- 
ment of  a  standing  committee  to  standardize  electrical  practice  in  mining 
work,  is  as  follows: 

RESOLUTION  NO.  7.    INTRODUCED  BY  DAVID  B.  RUSHMORB,  OP  NEW  YORK 

Whereas  the  use  of  electricity  in  mines  is  increasing  rapidly,  and  numerous  small  bodies 
are  attempting  to  independently  standardize  the  practice  regardin^^  its  use,  and  as  this  subject 
can  be  best  handled  by  a  naUonal  body  working  in  harmony  with  all  the  different  interests 
concerned; 

Therefore  be  it  recommended,  that  a  standing  committee  be  appointed  by  the  president  of 
the  American  Mining  Congress  to  standardize  as  far  as  possible  and  make  recommendations 
concerning  electrical  practice  in  mining  work,  said  committee  to  consist  of  seven  members^  as 
follows,  viz:  One  electrical  engineer,  two  representatives  of  the  manufacturers  of  electnca] 
equipment,  two  representatives  of  the  labor  organizations,  and  two  mine  operators. 
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The  following  reply  was  sent  to  Secretary  Callbreath's  letter: 

Dbpartmbnt  op  Commbrcb  and  Labor, 

BuRBAU  OP  Standards, 

Washington,  March  i6,  1909. 
Mr.  Jambs  F.  Callbrbath,  Jr., 

Secretary  The  American  Mining  Congress,  Denver,  Colo. 
My  Dbar  Sir:  I  beg  to  acknowledge  the  receipt  of  your  letter  of  March  6,  requesting 
me  to  accept  a  place  upon  the  committee  to  standardize  electrical  practice  in  mining  work.     In 
reply  I  would  state  that  I  would  be  pleased  to  do  so,  but  I  believe  you  would  get  better  results 
from  Dr.  Edward  B.  R0S4,  head  of  the  electrical  division  of  the  bureau. 

I  am  not  only  in  sympathy  with  the  work  that  you  propose,  but  take  this  opportunity  to 
oflfer  your  committee  the  services  of  the  bureau  in  any  way  that  may  be  possible. 
Thanking  you  for  your  interest  in  the  matter,  I  remain, 
Yours,  very  truly, 

(Signed)  S.  W.  Stratton, 

Director. 

The  following  letter,  accepting  the  services  of  the  Bureau  of  Standards, 
was  received  March  26: 

Thb  Ambrican  Mining  Congrbss, 

Denver,  Colo.,  March  22,  igog. 
Mr.  S.  W.  Stratton,  Director, 
Bureau  of  Standards, 

Department  of  Commerce  &  Labor, 
Washington,  D.  C. 
My  Dbar  Sir:  Your  kind  favor  of  March  16  is  received.     I  greatly  appreciate  the  kind 
words  of  your  letter,  and  will  accept  and  act  upon  your  suggestion  of  the  appointment  of  Dr. 
Edward  B.  Rosa  upon  the  committee  mentioned.     I  am  wnting  to  Doctor  Rosa  by  this  mail, 
and  I  am  sure  that  the  committee  will  be  glad  to  avail  itself  of  your  kind  offer  of  the  services  of 
the  Bureau  of  Standards  in  connection  with  this  work. 
Thanking  you  for  your  interest  in  this  matter,  I  am. 
Very  respectfully,  yours, 

(Signed)  J.  F.  Callbrbath,  Jr., 

Secretary. 

Accordingly,  Dr.  Rosa  was  appointed  chairman  of  the  committee,  and 
six  others,  representing  the  manufacturers,  the  mine  operators,  and  the 
mine  workers,  were  appointed  in  accordance  with  the  resolution.  The 
chairman  was  notified  of  the  appointment  of  the  last  member  of  the  com- 
mittee in  a  letter  from  the  secretary  dated  August  5,  1909. 

The  first  work  that  would  naturally  be  taken  up  by  the  committee 
was  a  study  of  existing  practice  and  of  the  laws  and  regidations  under 
which  electrical  apparatus  is  now  installed  and  operated.  Then  would  fol- 
low a  careful  study  leading  to  standardization  of  voltages,  of  electrical 
machinery  intended  for  use  in  mines,  and  of  methods  of  insulation  of  cir- 
cuits, and  of  installation  of  machines.  To  do  the  subject  justice  obviously 
required  a  large  amotmt  of  work  and  study,  and  yet  the  members  of  the 
committee  were  all  very  busy  men  and  the  American  Mining  Congress  had 
provided  no  money  to  defray  the  expense  of  such  an  investigation.  It 
appeared  necessary  for  the  Bureau  of  Standards  to  do  a  much  larger  share 
of  the  work  than  was  at  first  contemplated,  and  accordingly  a  comjjetent  and 
experienced  electrical  engineer  of  the  bureau  staff,  Mr.  Burton  McCoUiun, 
was  detailed  to  assist  the  chairman  of  the  committee  in  carrying  on  the 
work  that  had  l^een  imdertaken.  Such  work  is  directly  in  line  with  the 
work  of  the  bureau.  The  bureau  is  represented  on  the  Standardization 
Committee  of  the  American  Institute  of  Electrical  Engineers,  and  on  the 
technical  committees  of  several  other  engineering  societies,  and  some  of  its 


Digitized  by 


Google 


Standardization  of  Electrical  Practice  in  Mines  7 

investigations  have  been  undertaken  in  aid  of  the  work  of  such  committees. 
To  aid  in  securing  uniformity  of  practice  among  the  States  in  the  regulation 
and  control  of  the  use  of  electricity  in  mines,  as  well  as  in  its  use  in  trans- 
portation and  industrial  enterprises  above  ground,  is  clearly  a  proper  func- 
tion for  the  national  Bureau  of  Standards. 

The  personnel  of  the  committee,  as  well  as  a  brief  statement  of  its 
work,  was  sent  out  to  the  press  on  August  28  from  the  office  of  the  secre- 
tary of  the  American  Mining  Congress,  at  Denver,  as  follows: 

STANDARDIZING  ELECTRICAL  EQUIPMENT  IN  MINING 

At  the  Pittsburg,  Pa.,  session  of  the  American  Mining  Congress,  held  early  in  December  last 
year,  a  resolution  was  adopted  authorizing  the  appointment  of  a  committee  of  seven  persons  to 
report  back  for  the  consideration  of  that  organization  means  for  bringing  about  the  standard- 
ization of  electrical  equipment  in  mining  and  recommendations  looking  to  uniformity  in  electrical 
practice  in  general. 

The  resolution,  which  was  introduced  by  David  B.  Rushmore  of  the  General  Electric  Com- 
pany, Schenectady,  N.  Y.,  was  as  follows: 

"  Recommended,  that  a  standing  committee  be  appointed  by  the  president  of  the  American 
Mining  Congress  to  standardize,  as  far  as  possible,  and  make  recommendations  concerning  elec- 
trical practice  in  mining  work,  said  committee  to  consist  of  seven  members,  as  follows,  viz:  One 
electrical  engineer,  two  representatives  of  the  manufacturers  of  electrical  equipment,  two  repre- 
sentatives of  labor  organizations,  and  two  mine  operators." 

The  following  members  were  appointed  by  the  Mining  Congress  to  serve  on  the  committee : 

Dr.  Edward  B.  Rosa,  of  the  Bureau  of  Standards,  Washington,  D.  C,  chairman;  David  B 
Rushmore,  of  the  General  Electric  Company,  Schenectady,  N.  Y.,  representing  the  manufacturers; 
W.  A.  Thomas,  of  the  Westinghouse  Company,  Pittsburg,  Pa.,  representing  the  manufacturers; 
T.  R.  Bent,  of  the  O^lesby  Coal  Company,  Oglesby,  111.,  representing  the  mine  operators;  George 
R.  Wood,  of  the  Pittsburg  Coal  Company,  Pittsburg,  Pa.,  representing  the  mine  operators; 
Thomas  L.  Lewis,  president  of  United  Mine  Workers  of  America,  Indianapolis,  Ind.,  represent- 
ing labor;  James  O'Connell,  vice-president  of  American  Federation  of  Labor,  Washington,  D.  C, 
representing  labor. 

While  the  committee  has  been  so  recently  organized  that  not  a  great  deal  of  work  has  thus  far 
been  accomplished,  it  will  render  a  preliminary  report  to  the  next  session  of  the  Mining  Congress, 
which  will  be  held  at  Goldfield,  Nev.,  September  27  to  October  2,  1909.  It  will  then  continue  its 
work,  and  within  the  next  few  months  it  will  doubtless  be  prepared  to  complete  its  recommenda- 
tions in  this  important  matter. 

The  absence  of  uniformity  in  the  installation  of  electrical  equipment  in  coal  and  precious 
metal  mines  has  given  rise  to  problems  very  annoying  to  operators  and  even  to  manufacturers, 
and  the  work  of  this  committee  will  be  watched  with  interest. 

Those  having  any  views  to  oflfer  on  this  subject  are  invited  to  send  them  to  Dr.  Edward  B.  Rosa, 
chairman  of  the  committee,  care  of  the  Bureau  of  Standards,  Washington,  D.  C. 

The  committee  held  its  first  meeting  in  Pittsburg,  September  16  and 
17,  and  in  addition  to  reviewing  the  work  that  had  been  done  and  out- 
lining further  work  for  the  ensuing  months,  prepared  a  preliminary  report 
to  the  approaching  session  of  the  Mining  Congress,  which  was  held  in  Gold- 
field  about  two  weeks  thereafter.  This  preliminary  report,  which  was  pre- 
sented to  the  congress  and  printed  in  its  proceedings,  is  as  follows: 

I.  PRELIMINARY  REPORT  OF  THE  COMMITTEE  ON  THE  STANDARD- 
IZATION OF  ELECTRICAL  EQUIPMENT  OF  MINES 

The  committee  on  the  standardization  of  the  electrical  equipment  of 
mines,  appointed  in  accordance  with  a  resolution  of  the  last  session  of  the 
American  Mining  Congress,  has  had  one  meeting  and  has  done  a  consid- 
erable amount  of  work  on  the  problem  assigned  to  it,  but  is  not  as  yet  pre- 
pared to  offer  a  final  report. 

After  examining  the  mining  laws  relative  to  the  use  of  electricity  of 
those  States  that  have  legislated  on  the  subject,  and  of  a  number  of  foreign 
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cotintries  where  a  considerable  application  of  electricity  has  been  made  in 
mining,  the  committee  has  prepared  a  draft  of  a  code  of  rules  suitable  for 
enactment  into  law  by  any  state  legislature.  This  first  draft  is  to  be  sub- 
mitted to  representatives  of  other  mining  organizations  for  criticism  and 
suggestion,  and  then  carefully  revised  in  the  light  of  the  suggestions  received, 
and  of  the  further  experience  of  the  committee.  One  of  the  members  of 
the  committee,  Mr.  Rushmore,  is  spending  several  months  this  summer  in 
Europe  studying  the  applications  of  electricity  to  mining,  and  he  will 
doubtless  obtain  information  of  value  to  the  committee  in  the  final  revision 
of  its  code  of  rules. 

In  addition  to  this  formal  code  of  rules,  which  may  be  given  the  force 
of  law,  governing  the  use  of  electricity  in  mines,  the  committee  proposes  to 
prepare  a  set  of  recommendations  setting  forth  what  it  considers  the  best 
practice  and  which,  if  followed,  would  tend  to  reduce  the  danger  of  personal 
injuries  due  to  the  use  of  electricity  in  mines,  reduce  the  Uability  of  explo- 
sions in  gaseous  mines,  improve  the  efficiency  and  reliability  of  the  service 
and  tend  to  make  the  use  of  electricity  more  satisfactory  both  to  the  oper- 
ators and  the  mine  workers.  These  recommendations  will  go  farther  than 
is  possible  in  a  set  of  mandatory  rules. 

In  order  that  this  work  may  be  performed  most  effectively,- the  com- 
mittee is  gathering  data  concerning  many  of  the  best  installations  of  elec- 
trical apparatus  in  the  mines  of  this  country  and  Europe,  and  personally 
examining  many  of  them.  Important  experiments  are  being  conducted  by 
the  technological  branch  of  the  United  States  Geological  Survey  to  deter- 
mine the  condition  under  which  explosions  could  be  caused  in  gaseous 
mines  by  the  breaking  of  incandescent  electric  lamps,  blowing  of  ** safety" 
fuses,  sparking  at  the  brushes  of  motors,  or  flashes  on  electric  signaling  wires. 
The  effect  of  acid  mine  water  on  various  kinds  of  insulated  wire  and  cables 
is  being  investigated,  with  the  hope  of  finding  an  insulation  that  will  be 
permanently  satisfactory  under  the  severest  mine  conditions.  The  com- 
mittee is  glad  to  take  advantage  of  the  results  of  -these  experiments,  in  the 
carrying  out  of  which  one  of  our  members  (Mr.  Wood)  has  been  retained 
by  the  Geological  Survey  as  consulting  engineer.  The  committee  invites 
suggestions  from  manufacturers,  mine  operators,  and  mine  workers  relative 
to  any  of  the  various  phases  of  the  problem  which  has  been  assigned  to  it, 
and  especially  any  results  of  experience  which  may  be  of  value  in  revising 
its  code  of  rules  or  in  making  up  its  series  of  recommendations. 

(Signed)  E.  B.  Rosa, 

Chairman  Committee  of  American  Mining  Congress 
on  the  Standardization  of  Electric  Practice  in  Mines. 
Washington,  D.  C,  September  20,  igog. 

In  accordance  with  plans  formulated  by  the  committee  at  its  Pittsburg 
meeting,  the  regulations  and  laws  relating  to  the  use  of  electricity  in  mines 
in  European  countries.  South  Africa,  and  New  South  Wales  were  collected 
and  studied,  the  electrical  installations  in  many  mines  were  examined,  and 
a  considerable  niunber  of  mining  engineers,  mine  inspectors,  and  manu- 
facturers of  electrical  machinery  used  in  mines  were  consulted.  No  State 
of  the  Union  had  anything  like  a  complete  code  of  rules  in  their  mining  laws 
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respecting  the  use  of  electricity,  although  a  careful  set  of  rules  had  been 
prepared  and  submitted  to  the  legislature  of  Pennsylvania  a  year  ago. 
These  rules  were  of  much  value  to  the  committee  and  are  published  in  this 
circular,  although  the  legislature  of  Pennsylvania  did  not  pass  the  bill. 
The  work  on  a  code  of  rules,  begim  in  the  simimer,  was  continued,  the 
members  of  the  committee  keeping  in  touch  with  the  chairman  by  corre- 
spondence and  assisting  in  the  work.  A  second  meeting  of  the  committee 
was  about  to  be  called  for  January,  19 10,  when  it  was  learned  indirectly 
that  the  committee  (which  had  been  appointed  by  the  American  Mining 
Congress  as  a  standing  committee,  and  which  it  had  been  officially  annotmced 
would  continue  its  work)  had  been  dismissed  at  the  Goldfield  meeting,  and 
the  president  authorized  to  appoint  a  new  committee.  No  notice  of  this 
action  of  the  congress  had  been  sent  to  any  member  of  the  committee  and 
no  explanation  of  the  action  of  the  congress  has  been  made,  nor  do  the 
published  proceedings  of  the  congress  show  why  such  action  was  taken. 

The  Bureau  of  Standards  thus  found  itself  with  a  very  interesting  and 
important  piece  of  work  partially  completed,  but  no  committee  to  cooperate 
with  and  no  organization  to  wluch  to  report  results.  The  chairman  of  the 
new  committee,  Samuel  A.  Taylor,  of  Pittsburg,  having  stated  that  he  did 
not  intend  to  take  up  such  work  as  the  original  committee  had  imdertaken,  it 
has  seemed  best  that  the  bureau  should  carry  on  the  work  to  completion  and 
publish  the  results.  This  is  now  being  done,  with  the  cordial  support  and 
assistance  of  several  members  of  the  old  committee  and  of  the  manufacttu-ers 
of  electrical  machinery  used  in  mines,  of  state  mine  inspectors,  of  nimierous 
electrical  and  mining  engineers,  and  of  the  representatives  of  organized  labor. 
A  great  many  persons  have  thus  been  consulted  in  this  work,  and  useful  sug- 
gestions and  criticisms  have  been  received  from  a  larger  niunber  than  can  be 
separately  named;  nevertheless,  especial  acknowledgment  should  be  made 
to  certain  of  those  who  have  given  us  most  help  and  encouragement.  Among 
these  are  Mr.  W.  A.  Thomas,  of  the  Westinghouse  Electric  and  Manufacttu-- 
ing  Company,  Pittsbiu-g,  Pa.;  Mr.  D.  B.  Rushmore  and  Mr.  Larsen,  of  the 
General  Electric  Company;  Mr.  George  R.  Wood,  consulting  electrical  engi- 
neer, Pittsbiu-g,  Pa. ;  Mr.  George  Harrison,  chief  inspector  of  mines  of  Ohio, 
Coltmibus,  Ohio;  Prof.  A.  E.  Kennelly,  chairman  of  the  standardization 
committee  of  the  American  Institute  of  Electrical  Engineers,  Harvard 
University,  Cambridge,  Mass. ;  Mr.  H.  M.  Warren,  electrical  engineer,  Mr. 
F.  J.  Duffey,  general  foreman  electrical  department,  Mr.  T.  J.  Williams, 
mine  superintendent,  Mr.  P.  J.  Devers,  mine  superintendent,  of  the  Dela- 
ware and  Lackawanna  Railway  Company,  Scranton,  Pa.;  Mr.  H.  N.  Eaven- 
son,  chief  engineer,  United  States  Coal  and  Coke  Company,  Gary,  W.  Va.; 
Mr.  L.  R.  Kingsland,  electrical  engineer,  Consolidation  Coal  Company, 
Fairmont,  W.  Va.;  and  Mr.  Gerald  Sherman,  superintendent  of  mine 
department.  Copper  Queen  Consolidated  Mining  Company,  Bisbee,  Ariz. 
Mr.  Thomas  L.  Lewis,  president  of  the  United  Mine  Workers  of  America, 
and  Mr.  James  O'Connell,  president  of  the  International  Association  of 
Machinists,  Washington,  D.  C,  have  also  maintained  an  active  interest  in 
the  work,  and  are  in  hearty  accord  with  the  provisions  of  the  proposed 
code. 

Many  of  the  changes  in  practice  which  are  recommended  in  the  proposed 
rules  are  in  the  interest  of  better  engineering,  to  sectu-e  more  reliable  service 
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and  greater  economy  of  operation ;  but  very  many  of  the  changes  and  pre- 
cautions proposed  are  in  the  interest  of  the  mine  workers,  who  are  often 
exposed  to  imwarranted  hazard  where  electrical  installations  are  not  proj>- 
erly  made.  The  fire  risk,  due  to  live  wires  and  electrical  machinery,  is  such 
that  very  stringent  rules  have  been  adopted  by  the  underwriters,  acting  in 
conjunction  with  various  electric  lighting  and  electrical  engineering  societies. 
The  life  hazard  is  a  matter  of  quite  as  much  importance;  and  below  groimd, 
where  dampness  and  darkness  and  limited  space  (and  sometimes  explosive 
gases)  make  the  difficulties  and  dangers  greater  than  usual,  there  is  need  of 
many  improvements  in  method  and  material  of  electrical  installation,  and 
also  of  a  closer  and  more  systematic  inspection  of  such  installations  by  the 
State.  The  best  results  can  only  be  secured  by  cooperation  between  mine 
operators,  manufacturers,  and  engineers,  and  this  bureau  will  encourage 
and  assist  as  far  as  possible  this  very  important  work. 

Some  mine  operators  have  expressed  the  feeling  that  the  work  which 
the  committee  undertook  and  which  is  now  being  carried  on  by  the  bureau 
is  not  necessary;  that  the  mine  owners  and  operators  can  safely  be  left  to 
themselves  without  any  limitation  or  supervision  by  the  State.  This  is 
perhaps  true  of  some,  particularly  certain  large  operators  who  have 
employed  able  consulting  engineers  and  who  in  some  cases  have  shown 
exceptional  enterprise  and  a  commendable  desire  to  make  their  electrical 
installations  as  safe  as  possible  for  the  mine  workers.  But  this  is  by  no 
means  the  rule,  and  the  records  show  a  larger  number  of  electrical  accidents 
in  American  mines,  where  there  has  been  very  little  official  regulation  or 
inspection  of  the  electrical  equipment,  than  in  England  and  other  coimtries, 
where  there  has  been  for  some  years  very  careful  legal  requirements  and 
government  inspections. 

Still  another  reason  for  this  work  is  that  some  of  the  States  are  taking 
a  very  lively  interest  in  the  question  and  have  commissions  preparing  such 
regulations  for  submission  to  the  respective  state  legislatures.  It  is  very 
desirable  that  as  far  as  possible  the  regulations  of  the  several  States 
shall  be  uniform.  If  there  is  no  coordinating  influence  at  work,  the  States 
are  likely  to  have  regulations  that  will  be  very  different,  and  much  confusion 
would  therefore  result  to  manufacturers  and  others  who  have  to  deal  with 
work  in  more  than  one  State.  It  is  not  improbable  that  in  many  cases  such 
commissions  would  make  their  recommendations  without  consulting  as  care- 
fully as  we  have  done  all  the  interested  parties.  Much  good  may  indeed  be 
expected  from  an  earnest  effort  on  the  part  of  a  national  bureau  which 
consults  all  the  interests  affected,  including  mine  workers,  mine  owners, 
superintendents,  inspectors,  consulting  engineers  familiar  with  the  use  of 
electricity  in  mines,  and  the  manufacturers  of  the  electrical  equipment,  in 
which  a  code  of  regulations  and  restrictions  is  drawn  up,  which  shall  have 
the  approval  of  the  largest  possible  number,  and  shall  be  an  expression,  not 
alone  of  the  government  bureau  that  collects  and  arranges  the  information, 
but  of  the  ablest  and  most  experienced  men  of  the  various  classes  mentioned 
who  are  using  electricity  in  carrying  on  mining  operations. 

Owing  to  the  widely  varying  conditions  which  prevail  in  different  mines 
it  is  impossible  to  formulate  a  series  of  rules  or  requirements  that  will  apply 
to  every  case  or  that  will  cover  every  emergency.  Mandatory  rules  must 
necessarily  be  conservative,  and  will  not  go  as  far  in  many  cases  as  the  best 
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practice  would  dictate.  Hence  we  are  preparing  a  set  of  recommendations 
to  accompany  the  rules  contained  in  this  publication,  and  which  are  intended 
to  set  forth  what  is  considered  the  best  practice  in  many  matters  in  which 
the  formal  rules,  that  may  be  given  the  force  of  law,  are  not  complete.  If 
the  rules  are  made  too  minute  or  too  specific,  they  can  not  be  enforced 
without  often  doing  injustice.  But  the  recommendations  will  point  out 
many  desirable  features  of  construction  and  operation  that  could  not  be 
required  of  all  operators  or  under  all  conditions. 

We  have  aimed  to  be  very  conservative  in  the  preparation  of  these  rules, 
which  may  become  mandatory,  and  in  many  cases  have  been  more  conserva- 
tive than  some  mine  operators  and  experienced  engineers  consulted  have 
thought  necessary.  While  it  has  not  been  possible  to  draw  up  a  proposed 
code  of  rules  that  meets  with  the  imqualified  approval  in  every  detail  of  all 
those  who  have  been  consulted,  we  nevertheless  have  the  assurance  that 
the  code  of  rules  hereinafter  presented  represents  the  concensus  of  opinion 
of  the  great  majority  of  those  who  have  expressed  their  opinions  in  regard 
to  this  matter.  We  invite  criticism  and  suggestion  concerning  the  matter 
here  submitted  from  any  one  who  has  had  considerable  experience  in  the 
use  of  electricity  in  mines,  in  order  that  we  may  improve  the  rules  as  much 
as  possible  in  the  next  edition,  which  will  be  carefully  revised.  In  the  con- 
tinuation of  this  work  the  Bureau  of  Standards  will  have  the  cooperation 
of  the  Bureau  of  Mines,  which  has  recently  been  established.  The  latter 
Bureau  will  continue  the  experimental  work  begxm  in  the  Technological 
Branch  of  the  Geological  Survey,  relative  to  the  use  of  electrical  apparatus 
in  explosive  atmospheres,  and  advantage  will  be  taken  in  future  editions  of 
this  report  of  the  results  of  these  very  important  experiments,  as  well  as  any 
.  other  results  pertinent  to  this  work  obtained  by  the  Bureau  of  Mines.  We 
believe  that  better  construction  and  more  careful  operation  will  not  only  be 
of  advantage  to  the  mine  workers  by  reducing  the  dangers,  but  will  also  be 
of  advantage  to  the  mine  operators  in  affording  more  reliable  service.  That 
has  proven  to  be  the  case  in  electricity  used  for  lighting,  for  power,  and  for 
transportation,  and  it  mil  surely  be  the  same  with  electricity  employed  in 
the  coal  and  metal  mines. 

S.  W.  Stratton,  Director. 
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PROPOSED  RULES   FOR  THE   mSTALLATION  AND  USE 
OF  ELECTRICITT  DT  MINES 


DEFINITIONS 


The  expression  ''pressure"  means  the  difference  of  electrical 
potential  between  any  two  electrical  conductors. 

(a)  Where  the  conditions  of  the  system  are  such  that  the  pres- 
sure between  any  two  conductors,  or  between  any  conductor  and 
the  earth,  at  the  terminals  where  the  electricity  is  being  used  can 
not  exceed  three  hundred  (300)  volts,  this  shall  be  deemed  a  low 
pressure  system. 

(6)  Where  the  conditions  of  the  system  are  such  that  the  pres- 
siu-e  between  any  two  conductors,  or  between  any  conductor  and 
the  earth,  at  the  terminals  where  the  electricity  is  being  used,  can 
exceed  three  himdred  (300)  volts,  but  can  not  exceed  six  hundred 
(600)  volts,  this  shall  be  deemed  a  medium  pressure  system. 

(c)  Where  the  conditions  of  the  system  are  such  that  the  pres- 
sure between  any  two  conductors,  or  between  any  conductor  and 
the  earth,  at  the  terminals  where  the  electricity  is  being  used  can 
exceed  six  htmdred  (600)  volts,  this  shall  be  deemed  a  high  pres- 
sure system. 

SECTION  1.— GENERAL 

RtUe  J. — All  electrical  apparatus  and  conductors  shall  be  suffi-^ 
cient  in  size  and  capacity*  for  the  work  they  may  be  called  upon 
to  do,  and  so  installed,  operated,  maintained,  and  safeguarded  as 
to  reduce  the  danger  from  accidental  shock  or  fire  or  overheating 
to  the  minimum,  and  shall  be  of  such  construction  and  so  operated 
that  the  rise  in  temperature  caused  by  ordinary  working  will 
not  injure  the  insulating  materials. 

All  metallic  coverings  or  armoring  of  cables,  and  the  frames  and 
bed  plates  of  generators,  transformers,  and  motors,  and  the  metallic 
coverings  of  switches,  fuses,  and  circuit  breakers,  shall  be  effi- 
ciently groimded.' 

*  The  table  of  carrying  capacities  of  the  National  Electric  Code  should  be 
followed  where  practicable.  It  can  be  obtained  by  addressing  Mr.  C.  M.  Goddard, 
secretary,  Underwriters  National  Electric  Association,  141  Milk  street,  Boston. 

'  Sec  Note  A,  page  31. 
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eiSSrSSit.**'  ^^^  ^' — AH  alternating  current  systems  in  which  the  normal 
working  pressure  does  not  exceed  the  limits  of  medium  pressure, 
and  all  three-wire  direct  current  systems  shall  be  grounded. 
Where  practicable,  the  neutral  shall  be  grounded.* 

fc/3twn*«ull**         ^^^  3' — ^  higher  pressure  than  a  medium  pressure  shall  not 

current  madiinnh^  uscd  for  portable  motors,  uor  for  any  other  purpose  imdergroimd 
except  for  alternating  current  transmission,  or  for  application  to 
alternating  current  apparatus  in  which  the  whole  of  the  high  pres- 
sure circuit  is  stationary.     For  work  imderground,  when  taking 
High  preswire current  at  a  pressure  higher  than  a  medium  pressure,  all  transform- 

mocon  ers  shall  be  of  the  oil  insulated  type  and  a  motor  shall  not  be 

of  less  normal  rating  than  twenty  (20)  brake  horsepower. 
Duiger  tignaii  ^jj  j^gj^  ^^^  medium  pressure  lines  and  apparatus  shall  be 
marked  at  frequent  intervals  by  the  use  of  the  word  *'  Danger, " 
together  with  a  statement  of  the  voltage,  so  as  to  indicate  clearly 
that  they  are  dangerous.  All  low-pressure  power  or  lighting  wires 
shall  be  marked  with  the  word  "Caution,**  together  with  a  state- 
ment of  the  voltage  of  the  Hne.* 

mSSw*  *'  *""  ^^  4' — ^^^  insulation  of  each  circuit  or  section^  of  circuit 
shall  be  meastu-ed  at  least  once  every  three  months,  and  a  record 
LeakMeumit  ^f  ^jj  ^^^j^  measurements  shall  be  kept  at  the  office  of  the  mine. 
If  the  resistance  measurements  show  that  the  leakage  current  in 
any  section  of  a  lead-covered  cable,  or  any  two  or  three  wire  cable, 
under  normal  conditions  of  operation,  may  exceed  i/iooo  of  the 
maximum  working  current*  for  the  given  conductor,  the  defect 
shall  be  located  and  repaired  at  once.  It  shall  be  the  duty  of  the 
mine  foreman,  or  some  other  responsible  official  designated  for  the 
piupose,  to  see  that  the  tests  required  are  regularly  made,  and 
that  a  portable  testing  set  be  available  for  the  purpose.' 

mtae'eSSidAM  ^^^  5' — ^^  evcry  mine  where  electricity  is  used  below  ground, 
a  competent  mine  electrician  and,  where  necessary,  an  assistant 
mine  electrician  also,  shall  be  employed,  subject  to  the  authority 
of  the  mine  foreman  or  other  responsible  official.  No  mine  shall  be 
permitted  to  operate  without  an  electrician  for  a  continuous  period 
exceeding  thirty  (30)  days  unless  a  written  permit  to  so  operate 
shall  be  obtained  from  the  department  of  mines.  The  electrician 
shall  have  full  charge  of  all  electrical  apparatus  used  in  connection 
with  the  mine. 

» See  Note  B.  *  See  Rule  26.  '  See  Note  D. 

*See  Note  C.  •See  Rule  i. 
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After  the  expiration  of  twelve  (12)  montl^s  from  the  passage  of  niJ;JJ*32Sriciani 
this  act,  no  person  shall  be  permitted  to  act  as  a  mine  electrician 
tmless  he  shall  be  the  holder  of  a  certificate  of  competency  issued 
by  the  department  of  mines.* 

Every  person  appointed  to  operate  any  electrical  apparatus  in   JSSS2!i?pcni- 
connection  with  a  mine  shall  be  instructed  in  his  duty  by  the**" 
mine  foreman  or  electrician  before  taking  charge  of  the  apparatus. 

Rule  6. — Fire  buckets  filled  with  clean,  dry  sand  shall  be  kept   fito  buckets 
in  the  mines  where  stationary  electrical  apparatus  is  located, 
ready  for  immediate  use. 

Rule  7. — Instructions  shall  be  placed  at  the  mine  entrance,  ^^j^'JJJ^*^**}^" 
and  in  every  generating,  transforming,  and  motor  house,  for  the*^*^"****^ 
resuscitation  of  persons  suffering  from  electric  shock.     All  em- 
ployees operating  the  electrical  apparatus  shall  be  required  to 
acquaint  themselves  with  these  instructions. 

Every  personal  accident  occurring  in  connection  with  the^^j5JjJn«    •' 
operation  of  the  electrical  equipment  shall  be  promptly  reported 
by  the  person  injured,  or  by  some  other  person  on  his  behalf,  to  the 
mine  foreman,  and  shall  be  recorded  by  him  at  the  office  of  the 
mine. 

Rule  8, — A  plan  on  a  scale  not  smaller  than  200  feet  to  the^P>««f  ®L***?: 

^  trie    circaita    of 

inch  shall  be  kept  at  the  mine,  showing  the  position  of  all  perma-  "^•* 
nent  electrical  machmery  and  fixed  cables  or  conductors  in  the 
mine,  and  shall  be  corrected  as  often  as  may  be  necessary  to  keep 
it  as  nearly  as  practicable  up  to  date,  and  never  more  than  six 
months  in  arrears. 

Rule  9. — Any  person  who  shall  wilfully  tamper  with,  or  make^S?S^tt^ 
any  unauthorized  changes  in,  or  connections  to,  any  part  of  the 
electrical  circuits  or  apparatus  in,  or  used  in  connection  with  a 
mine,  whether  such  circuits  are  alive  or  not,  or  who  shall  wilfully 
cause  any  other  person  to  come  in  contact  with  any  live  electrical 
circuits,  shall  be  deemed  guilty  of  a  misdemeanor. 

Rule  10. — In  any  bituminous  coal  mine  where  the  special  rules  coiaSto&*"***° 
applying  to  gaseous  mines  are  not  observed,  precautions,  such  as 
sprinkling  or  other  effective  means,  must  be  taken  to  prevent 
dangerous  accumulation  of  coal  dust." 

SECTION  2.— TRANSMISSION  LINES  AND  CABLES 

Rule  II. — Where  the  generating  station  under  the  control  of  p^JJJJ^'JJ'^ 
the  owner  or  superintendent  of  the  mine  is  not  within  one  thousand  ^ 
(1,000)  feet  of  the  mine  entrance,  a  switch  box  or  boxes  efficiently 

« See  Note  E.  'See  Note  F. 
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inclosed,  or  a  switch  house,  shall  be  provided  near  the  mine 
entrance  for  cutting  oflf  the  supply  of  electricity  to  the  mine.  In 
all  mines  the  power  for  electric  hoists  which  are  regularly  used  for 
lifting  miners  from  the  workings,  and  in  all  coal  mines  the 
power  for  fans,  must  be  supplied  by  separate  feeders  run  from 
any  convenient  distributing  point,  so  that  power  may  be  kept  on 
either  or  both  of  these  circuits  when  all  other  circuits  in  the 
mine  are  cut  oflf. 
Protection  oi         RtUe  12. — All  terminals  and  live  metal  on  machines  over  low 

— •-■ —     terml- 


pressure,  below  ground,  shall,  where  practicable,  be  protected 
with  insulating  tape  or  other  suitable  insulating  covers,  or  with 
metal  covers  connected  to  earth, 
j^gf******  "'  Rule  13, — If  the  transmission  lines  from  the  generating  station, 
or  substation,  to  the  mine  entrance  are  overhead,  they  shall  be 
properly  secured  to  insulators  and  have  lightning  arresters  at  the 
mine  entrance,  if  the  overhead  line  exceeds  400  feet  in  length. 
M I  n im urn         In  the  casc  of  high-voltage  wires,  they  shall  be  maintained  at 

hdCht  of  wiroo  on  °  o  »  y 

fheraiteM  least  twenty  C20)  feet  from  the  groimd,  except  where  they  enter 
the  mine  or  transformer  station,  in  which  case  they  shall  be  ade- 
quately protected.  All  medium  and  bw  voltage  wires  shall  be 
maintained  at  least  six  and  one-half  feet  above  the  groimd  at  the 
lowest  point,  except  where  they  enter  the  mine. 

w^^^'d^Vot  ^t«/e  14' — AH  high-pressure  wires  in  underground  roadways 
shall  be  in  the  form  of  lead-covered  cables,  which  may  be  either 
armored  or  imarmored.  The  insulation  of  these  cables  must  be 
non-hygroscopic  and  as  nearly  acid  proof  as  possible,  so  that  a 
defect  in  the  lead  sheath  will  not  give  rise  to  an  immediate 
breakdown  of  the  insulation.*® 

In  nongaseous  sections  of  mines,  medium  or  low  pressure 
wires  may  be  bare.  If  insulated,  they  must  be  covered  with  high- 
class  insulation  that  is  as  nearly  moisture  and  acid  proof  as  pos- 
sible. All  high  and  medium  pressure  wires,  unless  metal  covered, 
must  be  adequately  protected  where  there  is  danger  of  men  or 
animals  coming  into  contact  with  them. 

etbto  tOT^to**  /?t^e  jj. — ^The  exposed  ends  of  cables  where  they  enter  the 
terminals  of  switches,  fuses,  and  other  appliances  shall  be  properly 
protected  and  finished  oflf  so  that  moisture  can  not  creep  along  the 
insulating  material,  or  so  that  the  insulating  material,  if  of  an  oily 
nature,  can  not  leak  out  of  the  cable. 
J«to*»  Rule  16. — All  joints  must  be  electrically  efl&cient,  mechanically 

strong,  and  where   practicable  should  be  soldered     All  joints, 

"Sec  Note  G. 
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except  in  trolley  wires,  should  be  taped  or  otherwise  suitably  insu- 
lated to  protect  them  from  corrosion." 

Ride  17. — All  cables  used  in  shafts  must  be  highly  insulated  sutitaibiei 
and  substantially  fixed.  Shaft  cables  not  capable  of  sustaining 
their  own  weight  shall  be  properly  supported  at  intervals,  accord- 
ing to  the  weight  of  the  cable.  Where  the  cables  are  not  com- 
pletely boxed  in  and  protected  from  falling  material,  space  shall 
be  left  between  them  and  the  side  of  the  shaft,  so  that  they  may 
yield  when  struck,  and  thus  lessen  the  blow  given  by  the  falling 
material. 

RtUe  18. — Where  the  cables  in  main  haulage  roads,  where  p€r-^P'^*«j*>jj«; 
sons  are  hauled  into  or  out  of  the  mines,  can  not  be  kept  at  least ^^^ 
18  inches  from  any  part  of  the  car,  they  shall  be  specially  protected. 

Cables  and  wires,  unless  provided  with  metallic  coverings,   supportimoi 

wifos  sod  cflblcs 

shall  not  be  fixed  to  walls  or  timbers  by  means  of  non-insulating 
fastenings. 

Metal  covered  or  any  multiple  conductor  cables  underground, 
when  suspended,  shall  be  supported  flexibly  in  such  a  manner  as  to 
allow  of  their  readily  breaking  away  when  struck  before  the  cables 
themselves  can  be  seriously  damaged. 

Where  main  or  other  roads  are  being  repaired,  or  where  blasting  Protection    0 1 
is  being  done,  temporary  protection  must  be  used,  so  that  thebuwtim  ^ 
cables  are  protected  from  damage. 

Rtde  ig. — Trailing  cables  for  portable  motors  shall  be  especially   Trauuif  oibiM 
flexible,  heavily  insulated,  and  protected  with  extra  stout  braid- 
ing, or  other  equally  effective  covering. 

RtUe  20. — ^The  twin  trailing  cables,  supplying  power  to  coalj^^g«j«^^^»J 
cutter  motors,  shall  be  divided  at  the  motors,  but  only  for  such  a"«**« 
length  as  is  necessary  for  making  the  connection  to  the  motor, 
and  the  twin  cable,  with  its  outer  covering  complete,  shall  be 
securely  held  by  a  suitable  clamp  on  the  frame  of  the  motor, 
in  such  a  manner  as  to  protect  the  trailing  cable  from  injury, 
and  to  prevent  any  mechanical  strain  being  borne  by  the  termi- 
nals making  electrical  connection  with  the  motor. 

Ride  21, — In  the  event  of  the  trailing  cable  in  service  breaking  op«tthm    oi 
down  or  being  damaged,  or  of  its  inflicting  a  shock  upon  any 
person,  it  shall  at  once  be  put  out  of  service,  and  shall  not  be 
used  again  until  it  has  been  repaired  and  tested  by  the  mine 
electrician  or  assistant  mine  electrician. 

The  trailing  cable  shall  be  kept  disconnected  from  the  machine 
while  it  is  being  loaded  upon  or  unloaded  from  the  truck,  unless 
electric  power  is  necessary  for  such  loading  or  imloading. 

"Sec  NoteH. 
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w£S*"to  road!         ^^^  ^^' — I^  underground  roads,  the  trolley  wires  shall  be 
^^^  placed  as  close  to  the  side  as  practicable,  and  in  a  straight  line, 

and  securely  supported  at  frequent  intervals.     In  all  roads  where 
it  is  necessary  for  men  to  travel  on  foot,  all  wires,  except  signal 
wires,  must  be  placed  on  the  same  side  of  the  roadway.     Signal 
wires  should  where  practicable  be  placed  on  the  opposite  side  of 
the  roadway  from  other  wires, 
n^toftion  *°5         ^^  ^^^  landings,  turn-outs,  partings,  or  crossings,  or  other  places 
wires  at  croMingi^here  it  is  ucccssary  for  men  to  pass  near  the  wires,  a  suitable 
protection  shall  be  placed  around  the  wires,  or  the  pressure  must 
be  cut  off  when  such  places  are  used  for  traveling  on  foot.     Suffi- 
cient illumination  shall  be  provided  at  all  points  where  men  are 
liable  to  come  in  contact  with  power  wires. 
le^awShi  «Sd         Every  branch  trolley  shall  be  fitted  with  an  automatic  trolley 
danger  signals    switch,  or  scctiou  iusulator  and  Une  switch,  or  some  other  device 
that  will  allow  the  pressure  to  be  cut  oflf  from  such  trolley  when 
not  actually  in  use."     Danger  signals,  consisting  of  no  fewer  than 
two  red  lights  in  parallel,  and  as  many  in  series  as  may  be  neces- 
sary, shall  be  connected  at  suitable  intervals  to  all  branch  trolley 
circuits  to  indicate  when  the  current  is  on.     A  notice  shall  be 
posted  at  the  entrance  to  all  roadways  carrying  exposed  power 
wires,  warning  persons  against  the  dangers  of  carelessly  carrying 
metal  tools  such  as  drills,  picks,  etc.,  which  may  come  in  contact 
with  the  wires. 
ii5tinV^d*5ft         ^^^  ^3' — Small  wires  for  lighting  or  signal  circuits  shall  either 
nai  wires  y^^  couvcycd  in  pipcs  or  casings,  or  they  may  be  susf>ended  from 

porcelain  or  glass  insulators  or  securely  tied  to  them,  so  that  they 
do  not  touch  any  timbering,  coal,  or  metal.  On  no  account  shall 
staples  be  used.  If  metallic  pipes  are  used,  they  must  be  groimded, 
and  if  not  electrically  continuous,  every  section  must  be  grounded. 
If  separate  uncased  wires  are  used,  they  shall  be  kept  at  least 
three  (3)  inches  apart,  and  not  brought  together,  except  at  lamps 
or  fittings. 

SECTION  3.— SWITCHES,  FUSES,  AND  CIRCUIT  BREAKERS 

Adjuatmenj         /^^/^  24. — Fuscs  and  automatic  circuit  breakers  should  be  so 

•nd  replacing  of  ' 

wiTbrSfers*'^' constructed  or  adjusted  as  to  open  the  circuit  when  the  current 
through  them  exceeds,  by  loo  per  cent,  the  working  current  in 
the  case  of  motors,  or  the  f>ermissible  current  of  the  cables 
which  they  protect.  Fuses  shall  be  stamped  or  marked,  or  shall 
have  a  label  attached  indicating  the  current  at  which  they  are 

"See  Note  I. 
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intended  to  fuse,  or,  where  fuse  wire  is  used,  each  coil  shall  be  so 
stamped  and  labeled.  Fuses  shall  be  adjusted  or  replaced  only 
by  a  competent  person,  authorised  by  the  mine  foreman. 

Rule  25, — All  switches,  circuit  breakers,  and  fuses  must  have^^j^troctijn 
bases  of  marble,  slate,  or  porcelain,  or  other  suitable  incombusti-JJJg^^    ^"^ 
ble  material,  free  from  metallic  veins,  and  shall  be  placed  in  as 
dry  a  situation  as  practicable. 

Rule  26, — Wherever  branch  electric  circuits  leave  a  main  or   secti©Miiztog 

■wltcbM      ft  n  d 

secondary  feeder,  switches  shall  be  provided  for  disconnecting  the  *>«»«'»«"*■<»»»■ 
branch  line  from  the  supply  line,  and  all  main  and  distributing 
feeders  shall  be  provided  with  sectionalizing  switches  at  distances 
not  exceeding  one  mile.*' 

All  circuits  that  are  to  be  made  or  broken  underground  shall  tiSSh^^^'iJcttiti 
be  fitted  with  proper  switches.     If  connection  is  made  to  the  sup-  **  ■"''^^  **^* 
ply  line  by  means  of  hooks  or  other  temporary  connections,  the 
switch  must  be  open  when  such  connection  is  made  or  broken. 

SECTION  4.— MOTORS 

Rule  27, — Every  underground  motor,  together  with  its  start-  ,ij^*"^,  ^' 
ing  resistance,  shall  be  protected  by  a  fuse  or  circuit-breaking «»' 
device,  in  accordance  with  rule  23,  and  by  switches  capable  of 
entirely  cutting  off  the  pressure.     The  switches  shall  be  placed 
in  a  convenient  position  near  the  motor. 

Rule  28, — Where  unarmored  cables  or  wires  pass  through  ^gjJ^J^  J^J' 
metal  frames  or  into  boxes  or  motor  casings,  the  holes  shall,  where 
practicable,  be  substantially  bushed  with  insulating  collars. 

Rule  2g. — No  person  shall  be  permitted  to  take  charge  of  j^^^^*{«J  *5 
an  electric  coal-cutting  machine  in  a  mine  who  is  not  a  compe- **■*  ^^^^ 
tent  person,  capable  of  determining  the  safety  of  the  roof  and  sides 
and  of  detecting  the  presence  of  explosive  gas. 

In  order  that  the  roof  may  be  carefully  examined,  a  coal- 
cutter motor  shall  not  be  kept  continuously  in  operation  for  a 
length  of  time  exceeding  half  an  hour,  unless  otherwise  specified 
in  writing  by  the  mine  foreman. 

Rule  30, — The  person  in  charge  of  a  coal-cutting  or  drilling 
machine  shall  not  leave  the  machine  while  it  is  working,  and  shall 
see  that  the  pressure  is  cut  off  from  the  trailing  cables  before 
leaving  the  working  place. 

Rule  31. — Electricity  from  light  and  power  circuits  shall  not^jSJ^flrfn«ref- 
be  used  for  firing  shots  in  a  mine  except  where  the  electrical  con- 
nection to  such  light  or  power  circuit  is  made  within  an  inclosed 

"Sec  Note  J. 
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switch  room,  which  shall  be  kept  securely  locked  and  shall  be 
accessible  only  to  the  authorized  shot  firer.  If  electricity  from 
light  or  power  cables  is  used  for  firing  shots  in  a  mine,  no  shots 
shall  be  fired  until  all  the  men  are  out  of  the  mine. 

Special  precautions  must  be  taken  to  prevent  accidental  con- 
tact between  shot-firing  cables  or  wires  and  power  and  lighting 
cables. 

Only  persons  authorized  in  writing  by  the  mine  foreman  or 
superintendent  are  permitted  to  fire  shots  electrically  in  a  mine. 

Rule  32. — All  apparatus  used  for  firing  shots  electrically  shall 
be  of  a  type  approved  by  the  inspector  for  the  conditions  under 
which  it  is  to  be  used. 

Rule  33. — Where  battery  or  magneto  exploders  are  used,  they 
shall  be  inclosed  in  a  suitably  constructed  box,  fitted  with  a 
removable  connecting  plug  or  key  without  which  the  circuit  can 
not  be  closed.  This  plug  or  key  shall  be  detached  when  not 
required  for  firing  and  shall  not  under  any  conditions  pass  from 
the  personal  custody  of  the  shot  firer  while  on  duty.  Exploders 
shall  be  frequently  tested  by  the  shot  fiirer  to  insure  that  they 
give  the  necessary  pressure  and  current. 

The  exploder  shall  not  be  connected  to  the  shot-firing  cable 
until  all  other  steps  preparatory  to  the  firing  of  the  shot  have  been 
completed  and  all  persons  have  removed  to  a  place  of  safety. 

Immediately  after  the  firing  of  the  shot,  the  firing  cable  shall 
be  disconnected  from  the  exploder,  and  no  person  shall  approach 
a  shot  that  has  been  attempted  to  be  fired  by  electricity  and 
has  failed  to  explode  until  the  firing  cable  has  been  so  disconnected 
and  an  interval  of  five  minutes  has  elapsed  since  the  last  attempt 
to  fire  the  shot. 

Rule  34, — All  proper  precautions  shall  be  taken  to  prevent 
electric  wires  from  coming  in  contact  with  other  electrical  con- 
ductors, whether  insulated  or  not. 
t£2^ea«  *'         Bells,  wires,  insulators,  contact  makers,  and  other  apparattis 
used  for  electrical  signaling  in  connection  with  the  working  of  a 
mine  shall  be  of  substantial  and  reliable  construction,  and  shall 
be  erected  in  such  a  manner  as  to  reduce  the  liability  to  failures 
or  false  signals  to  the  minimum. 
temi!*'^en*?e"         ^^^  35- — ^^^  ^^^^  mines  from  which  exit  is  by  shaft  only, 
JuSS'  ^*^*"'and  all  others  in  which  the  working  places  extend  more  than 
one  mile  from  a  place  of  exit,  shall  be  provided  with  telephone 
systems,  provided  the  number  of  men  employed    at   any  one 


Digitized  by 


Google 


Standardization  of  Electrical  Practice  in  Mines  21 

time  on  the  regular  working  force  exceeds  twenty-five.^*  The 
system  shall  be  of  approved  construction,  and  of  such  extent  that 
no  working  place  shall  be  at  a  greater  distance  than  three-fourths 
mile  from  a  telephone,  and  all  places  where  there  are  permanent 
attendants  shall  be  provided  with  telephones.  If  more  than  one 
himdred  men  are  employed  at  any  one  time  on  the  regular  work- 
ing force  inside  the  mine,  the  telephone  lines  shall,  if  possible,  be 
introduced  through  drill  holes  so  that  falls  of  earth  and  explosions 
will  be  less  likely  to  interrupt  the  working  of  the  telephone  system. 
All  main  telephone  cables  shall  be  insulated  with  water-proof 
insulation,  and,  unless  run  through  metal  pipes  or  casings,  they 
shall  be  protected  by  a  continuous  lead  sheath. 

SECTION  5.-SPBCIAL  RULES  GOVERNING  THE  USE  OF  ELECTRICITY  IN 

GASEOUS  BONES 

Rule  36. — In  all  mines  which  generate  any  appreciable  quan- 
tity of  explosive  gas  and  in  which  electricity  is  employed  below 
ground,  every  working  place  shall  be  examined  daily  by  an  author- 
ized fire  boss  before  any  men  are  permitted  to  go  to  work  in  the 
mine,  and  if  explosive  gas  is  foimd  in  any  part  of  the  mine  in 
suflScient  quantities  to  permit  its  detection  by  an  approved  type 
of  safety  lamp,  the  test  being  made  under  normal  conditions  of 
ventilation,  no  electrical  pressiu*e  shall  be  permitted  on  any  cir- 
cuits for  a  period  of  twenty-four  hoiu^  in  that  part  of  the  mine  in 
which  gas  is  found  or  in  any  other  part  of  the  mine  in  the  return 
air  coiu^e  from  said  gaseous  part.^* 

Rule  37. — If  any  mine  generates  a  suflBcient  quantity  of 
expolsive  gas  to  render  necessary  the  use  of  locked  safety  lamps 
in  any  part  or  parts  of  the  mine,  those  parts  of  the  mine  in  which 
locked  safety  lamps  are  necessary  shall  be  subject  to  the  following 
rules  in  addition  to  those  provided  for  other  mines. 

Rule  38, — In  any  part  of  a  mine  in  which  locked  safety  lamps  ^^^J^**  ^ 
are  necessary,  if,  for  any  reason,  the  normal  ventilation  is  stopped 
for  a  period  exceeding  fifteen  minutes,  the  pressiu*e  shall  be 
switched  oflf  from  all  direct-current  motors  in  the  same  air  course, 
which  are  not  provided  with  explosion  proof  casings,  except  such 
motors  as  may  be  used  for  driving  the  ventilating  fans  or  removing 
men  from  the  mine,  and  the  pressure  shall  not  again  be  switched 
on  until  normal  ventilation  has  been  resumed  and  tests  have 
been  made  to  show  that  the  mine  is  free  from  gas. 

"See  Note  K.  "See  Note  L. 
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Hi^waMure  Rule  39, — No  pressuTe  higher  than  a  medium  pressure  shall 
be  used,  and  no  bare  wires  other  than  signal  wires  shall  be 
permitted. 

ctoB*^equk!S^o         ^^^^  4^- — ^^^  niine  electrician  or  assistant  mine  electrician 

be  on  duty  gj^jj  \^^  q^  duty  in  the  mine  at  all  times  when  the  electric  power 
being  used  for  the  production  of  coal  in  a  gaseous  part  of  a  mine 
exceeds  twenty -five  (25)  horsepower. 

loaSraof  **^'***  ^^^  '#^* — Main  cables  shall  be  taken  into  the  mine  only  by 
way  of  the  intake  air  way,  or  through  separate  openings  provided 
especially  for  the  purpose,  and  so  situated  as  always  to  be  free 
fiom  explosive  gas. 

j^ojerauon  oi  Rule  ^. — Each  trailing  cable  shall  be  examined  daily  by  the 
machine  boss  for  abrasions  and  other  defects. 

The  machine  man  shall  also  be  required  to  observe  carefully 
the  trailing  cable  while  in  use,  in  order  to  detect  defects,  and  in 
the  event  of  any  defect  becoming  apparent,  notice  of  the  same 
shall  at  once  be  given  to  the  mine  electrician  or  assistant  mine 
electrician. 
Switches  Rule  43. — The  use  of  hooks  or  other  makeshifts  for  making 

or  breaking   a  circuit    is    forbidden,   and   all    switches,   circuit 
breakers,  and  fuses,  shall  be  inclosed  in  explosion-proof  boxes  or 
break  under  oil. 
Drytag  motors  Rule  44. — Where  the  insulation  of  a  motor  is  fotmd  to  become 

damp  during  a  stoppage,  suitable  steps  shall  be  taken  to  insure 
that  the  insulation  shall  be  dry  before  the  working  of  the  motor 
is  resumed. 
Bipiosion-prooi         Rule  45. — All  dircct-currcut  motors,  imless  placed  in  rooms 

casings  required  ^^  '^ 

^^tct-curtent  separately  ventilated  by  intake  air,  shall  have  all  their  current- 
carrying  parts,  switches,  starters,  terminals,  fuses,  and  connec- 
tions completely  inclosed  in  explosion-proof  casings,***  which  shall 
be  of  sufficient  strength  to  resist  the  force  of  an  internal  explo- 
sion, and  which  shall  be  provided  with  special  outlets  so  designed 
that  the  escaping  gases  shall  be  cooled  to  such  an  extent  that 
they  can  not  communicate  the  explosion  to  the  outer  atmos- 
phere. Such  inclosures  shall  not  be  opened  except  by  an  author- 
ized person,  and  then  only  when  the  pressure  is  switched  oflf. 
The  pressure  shall  not  be  switched  on  or  ofif  while  the  inclosures 
onswit^esre-are  open.     All  alternating  current  motors  shall  be  operated  only 

motors  \yy  inclosed,  oil-break  switches. 

tert^TSlTmist         ^^^  4^' — A  safety  lamp  or  other  suitable  apparatus  for  the 

be  provided  «« (Jetectiou  of  cxplosivc  gas  shall  be  provided  for  the  use  of  the 

"See  Note  M. 
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attendant  of  all  electrical   apparatus   underground,  and   should 

any  indication  of  explosive  gas  appear  on  the  flame  of  the  lamp, 

or  other  apparatus  used,  the  person  in  charge  shall  immediately 

stop  the  machine,  cut  oflf  the  pressure  at  the  nearest  switch,  and  ^f^ j;^*„**|^J 

report  the  matter  to  the  mine  foreman,  who  shall  see  that,  as  soon 

as  practicable,  the  pressiu-e  shall  be  cut  oflf  from  the  wires  or  cables 

leading  to  that  part  of  the  mine.     The  pressure  shall  not  again  be 

switched  on  until  at  least  twenty-four  hours  have  elapsed  since 

the  last  appearance  of  gas. 

Rtile  47, — Before  an  electric  coal-cutting  machine  is  brought  mST^bi^mS! 
within  twenty  (20)  yards  of  the  working  face  in  a  gaseous  part  of^St  <5!f*°''**** 
a  mine,  the  machine  man  shall  make  an  inspection  for  gas  in  the 
place  where  the  machine  is  to  work,  unless  such  examination  is 
then  made  by  some  other  competent  person  authorized  or 
appointed  for  that  purpose  by  the  mine  foreman.  If  any  explo- 
sive gas  is  found  in  the  place,  the  machine  shall  not  enter  therein. 

No  coal-cutting  machine  shall  be  continued  in  operation  for  a 
longer  period  than  half  an  hour,  unless  otherwise  specified  in 
writing  by  the  mine  foreman,  without  an  examination  being 
made  for  gas,  as  described  above,  and  if  gas  is  foimd,  the  current 
shall  be  switched  oflf  the  machine  at  once,  and  the  trailing  cable ^J*^J^*,*,^5 
shall  forthwith  be  disconnected  from  the  feed  wire. 

The  person  finding  gas  shall  at  once  erect  a  danger  signal  to 
warn  persons  against  entering  the  place.  The  trailing  cable  shall 
be  removed  from  such  place,  and  shall  not  be  brought  back,  nor 
shall  the  machine  be  again  started  until  the  fire  boss,  or  a  per- 
son duly  authorized  by  the  mine  foreman,  has  examined  it  and  has 
pronounced  it  free  from  gas,  and  has  removed  the  danger  board. 

The  person  finding  gas  shall  forthwith  report  the  same  to  the 
mine  foreman,  and  at  the  end  of  the  shift  he  shall  make  and  sign 
a  written  report  in  a  book  kept  at  the  mine  for  the  purpose. 

Rule  48. — If  any  sparks  or  arcs  appear  outside  the  casing  of  jjjjj^^^i^e^jf 
any  inclosed  motor,  or  about  the  cables  or  rails,  the  machine  shall  be**^***^™"**" 
stopped,  and  shall  not  be  worked  again  imtil  the  defect  has  been 
repaired,  and  the  occurrence  shall  be  reported  to  the  mine  foreman 
or  assistant  mine  foreman. 

Ride   49, — All  inclosed  motors  used  underground  shall  beiJtoI^maio«' 
opened  and  inspected  at  least  once  a  week  by  the  mine  electrician 
or  his  assistant,  and,  where  necessary,  shall  then  be  cleaned  and 
repaired.     Inclosed  switches  shall  be  opened  and  inspected  at 
least  once  every  month. 
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piSubiied  ^*'**  ^^^  5^' — Electric  haulage  on  the  trolley  wire  system  shall  not 
be  allowed  in  any  part  of  a  mine  where  locked  safety  lamps  are 
necessary.     If   storage    battery   locomotives   are   used    in   such 

mSrS*indiid  P^^^^^'  ^^^  rulcs  applying  to  motors  shall  also  be  deemed  to 
apply  to  the  boxes  containing  the  cells. 

^lactric  uiht-  n^Q  ^j — jji  any  part  of  a  mine  where  there  is  danger  of 
igniting  gas  or  coal  dust,  electric  lamps,  if  installed,  must  be  of 
the  inclosed  vacuum  type,  and  they  shall  be  inclosed  by  gas-tight 
fittings  of  strong  glass  and  shall  have  no  flexible  cord  connections. 
Electric  lamps  shall  be  replaced  only  by  an  authorized  person. 

In  all  machine  rooms  and  other  places  in  gaseous  mines  where 
the  failure  of  electric  light  is  likely  to  cause  danger,  some  safety 
lamps  or  other  proper  lights,  not  fewer  than  the  number  to  be 
prescribed  for  such  place  by  the  inspector,  shall  be  kept  for  use 
in  the  event  of  such  failure. 

taiofSS^ilm ''  ^^^^  •5^' — Wherever  safety  lamps  are  to  be  lighted  imder- 
groimd  by  electricity,  the  mine  foreman  shall  select  a  suitable 
station  or  stations  not  in  the  return  airway,  and  where  there  is 
not  likely  to  be  any  accumulation  of  explosive  gas,  and  no  electric 
relighting  apparatus  shall  be  used  in  any  other  place.  All  electric 
relighting  apparatus  shall  be  securely  locked,  and  shall  not  be 
available  for  use  except  by  persons  authorized  by  the  mine  foreman 
to  relight  safety  lamps,  and  such  persons  shall  examine  all  safety 
lamps  brought  for  relighting  before  they  are  reissued. 
iJn^tttoi  pres-         RtUe  53, — In  any  part  of  a  mine  where  safety  lamps  are  nec- 

lore  pn  Hgiuil  cir-  "^    *  "^  * 

««*^  essary  the  pressure  used  for  signaling  shall  not  exceed  50  volts, 

and  bare  wires  shall  not  be  used  for  such  purposes  except  in 

haulage  roads. 

MdKofottduct'         ^^^  ^^' — "^^^  conductors  shall  have  a  rated  carrying  capacity 

•"  in  accordance  with  the  requirements  of  the  National  Electric 

Code. 

SECTION  6.— THE  INSPECTION   OF  THE  ELECTRICAL  EQUIPMENT  OF 

MINES 

Appptatmwt  of  The  governor  shall  appoint,  within  three  months  after  the 
passage  of  this  act,  three  (3)  citizens  of  this  Commonwealth  of 
good  repute,  to  be  known  as  the  Examining  Board  for  Electrical 
Mine  Inspectors  and  Mine  Electricians,  whose  duty  it  shall  be  to 
examine  applicants  for  the  office  of  electrical  inspector  of  mines  of 
this  Commonwealth  and  to  examine  persons  who  desire  to  receive 
bSST"^'  •'certificates  of  competency  as  mine  electricians.  The  chief  of  the 
department  of  mines  shall  be  ex  officio  chairman  of  this  Board, 
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and  the  other  two  members  shall  be,  one  a  mine  superintendent,  and 

one  an  electrical  engineer.     They  shall  be  at  least  30  years  of  age, 

and  shall  have  had  at  least  five  years'  experience  in  the  practice  of 

their  respective  professions.     The  chairman  of  this  board  shall 

receive  no  other  compensation  than  his  salary  as  chief  of  the 

department  of  mines.     The  other  two  members  of  the  Examining 

Board  shall  each  receive  the  sum  of  ten  ($10)  dollars  a  day  for  each 

day  actually  employed  in  discharging  their  duties  according  to 

the  provisions  of  this  act  and  all  necessary  expenses  incurred  in 

performing  the  duties  imposed   upon  them  by  this  act.     Any  ^  vw*"^*^  """^ 

vacancy  that  may  occur  in  the  membership  of  the  Examining 

Board  shall  be  filled  by  the  governor  according  to  the  provisions 

of  this  act. 

The  Board  after  being  duly  organized  shall,  before  proceeding g^wnbera    of 
with  its  duties,  go  before  any  proper  oflScer  authorized  to  adminis-*"^" 
ter  oaths  and  each  member  shall  be  duly  sworn  to  faithfully 
perform  the  duties  of  his  office  without  fear  or  favor. 

The  oaths  of  the  members  of  the  Examining  Board  shall  be 
kept  on  file  in  the  office  of  the  department  of  mines  as  public 
documents. " 

The  Examining  Board  shall  be  convened  by  the  chief  of  theg^J"*^  *** 
department  of  mines  at  such  time  as  circumstances  may  require,  for 
the  purpose  of  examining  applicants  for  the  office  of  electrical 
inspector  of  mines,  or  for  preparing  questions  and  formulating 
rules  for  conducting  examinations,  or  for  performing  any  other 
duties  made  necessary  by  the  provisions  of  this  act.  The  Exam- 
ining Board  shall  also  meet  regularly  once  each  year,  and  oftener 
if  necessary,  for  the  purpose  of  examining  applicants  for  the  cer- 
tificate of  competency  as  mine  electrician. 


Every  examination  shall  be  publicly  advertised  throughout  be^dUwSHSr*^ 
the  mining  district  for  a  period  of  at  least  thirty  (30)  days  prior 
to  the  date  of  the  examination,  and  the  time  and  place  of  the  exam- 
ination and  the  conditions  of  eligibility  shall  be  fully  stated  in  the 
advertisement. 

"  The  following  form  of  oath  is  suggested : 

We,  the  undersigned,  do  solemnly  swear  (or  affirm)  that  we  will  perform,  to  the 
best  of  our  ability,  the  duties  of  examiners  of  applicants  for  appointment  to  the 
office  of  electrical  inspector  of  mines,  and  of  persons  desiring  to  secure  certificate  of 
competency  as  mine  electricians,  and  that  in  judging  such  applicants  we  will  be 
governed  solely  by  the  evidence  of  their  fitness  to  perform  the  duties  of  electrical 
inspector  of  mines  and  of  mine  electrician,  in  their  respective  classes,  as  imposed  by 
this  act,  and  that  we  will  refuse  to  certify  all  who  fail  to  show  proper  evidence  of 
their  fitness  for  such  duties. 
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oi^S^(!u!tw  teJ         AH  applicants  for  appointment  to  the  position  of  electrical 
gjce^^eiectricai  inspector  of  mincs  shall  certify  to  the  Examining  Board  that  they 

are  citizens  of  the  State  of ;  that  they  are  not 

pecuniarily  interested  in  any  of  the  mines  of  the  State;  that  they 
are  men  of  personal  integrity,  of  temperate  habits,  and  of  good 
repute;  that  they  are  in  good  physical  condition;  and  that  they 
are  between  the  ages  of  thirty  (30)  and  forty-five  (45)  years. 
Provided,  however,  that  any  person  who  has  served  as  electrical 
inspector  under  this  act  before  reaching  the  age  of  forty-five  (45) 
years  shall  be  eligible  to  reappointment  at  the  discretion  of  the 
Examining  Board. 

Applicants  must  further  show  that  they  have  had  at  least 
five  years  of  practical  experience  in  the  operation  of  electrical 
apparatus  devoted  to  power  purposes,  at  least  two  years  of  which 
must  have  been  in  connection  with  the  electrical  equipment  of 
mines. 
mSSStoii*'  "'  ^^^  examination  shall  be  in  writing  and  shall  be  of  such  a 
nature  as  to  show  that  the  applicant  pK>ssesses  sufficient  theoretical 
and  general  practical  knowledge  of  the  application  of  electricity 
to  mining,  of  the  dangers  attending  its  use,  and  the  safeguards 
that  should  be  employed.  Each  applicant  must  also  show  that 
he  |X)ssesses  a  full  knowledge  of  the  code  of  the  Underwriter's 
National  Electrical  Association,  of  the  rules  of  the  American 
Institute  of  Electrical  Engineers,  and  of  the  rules  governing  the 
use  of  electricity  in  mines  as  prescribed  in  this  act. 
jOwding  of  ap-  The  Examining  Board  shall  grade  each  applicant  according  to 
his  merit.  In  determining  the  grade,  the  previous  experience  and 
record  of  service  of  the  applicant  together  shall  have  equal  weight 
with  the  written  examination,  and  only  those  who  receive  a  grade 
as  high  or  higher  than  that  previously  determined  upon  by  the 
board  shall  be  eligible  to  appointment.  The  examination  sheets 
of  all  applicants,  together  with  the  complete  list  of  questions  and 
their  correct  solutions,  shall  be  kept  on  file  in  the  office  of  the 
department  of  mines  as  public  documents.  The  Examining  Board 
shall  certify  to  the  governor  and  to  the  department  of  mines  the 
name  and  grade  of  all  successful  candidates  and  shall  issue  to 
every  candidate  a  statement  of  the  result  of  his  examination. 
Appointment  of         The  govcmor  shall,  from  the  names  certified  to  him  by  the 

Inspoctora,  num-  «  •      i  • 

ber.etc.  Examining  Board,  commission  as  many  electrical  inspectors  as  the 

conditions  of  the  service  may  require,  but  at  least  one  electrical 
inspector  must  be  appointed  for  each  five  inspection  districts  of 
the  State.     Provided,  that  if  in  any  district  the  regular  inspector 
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of  mines  is  also  a  qualified  electrical  inspector,  such  district  need 
not  be  counted  in  determining  the  number  of  electrical  inspectors 
necessary.  When  appointments  are  made,  those  persons  standing 
highest  in  percentage  on  the  examination  shall  be  given  prefer- 
ence over  those  of  lower  percentage.  Provided,  that  any  person 
who  has  not  been  certified  as  hereinabove  provided  within  a 
period  of  ten  years,  shall  not  be  deemed  eligible  for  appointment 
or  reappointment  to  the  office  of  electrical  inspector  of  mines 
until  he  shall  have  been  again  examined  and  certified  by  the 
Examining  Board  according  to  the  foregoing  provisions  of  this  act. 

All  appointments  to  the  office  of  electrical  inspector  of  mines  of  ^5uS£icai**K 
shall  be  for  a  full  term  of  six  years,  but  in  case  of  a  vacancy  the"***^" 
governor  may  commission  for  the  unexpired  term  the  person 
having  the  highest  grade  on  the  certified  list. 

Electrical  inspectors  on  first  appointment  shall  receive  a^j^jMjWj^  •« 
salary  of  three  thousand  ($3000)  dollars  per  year,  which  shall  be*»" 
increased  to  thirty-five  hundred  ($3500)  dollars  per  year  after 
the  inspector  has  served  for  six  years.**  Each  electrical  inspector 
may  incur  traveling  expenses  and  such  other  expenses  as  may  be 
necessary  for  the  proper  discharge  of  his  duties  under  this  act, 
which  shall  be  paid  quarterly  by  state  treasurer  on  warrant  of 
state  auditor  issued  U|X)n  presentation  of  vouchers  sworn  to  by 
the  inspector  and  approved  by  the  chief  of  the  department  of 
mines. 

The  electrical  inspector  shall  inspect  the  electrical  equipment  ^>^^  oi  eiec- 
used  m,  or  m  connection  with,  all  of  the  mines  withm  his  jurisdic- 
tion as  often  as  possible.  Within  five  (5)  days  after  completing 
the  inspection  of  a  mine,  the  inspector  shall  prepare  a  printed 
report  setting  forth  fully  the  condition  of  the  electrical  equipment 
of  said  mine,  the  copy  of  this  report  shall  be  sent  to  the  office  of 
the  department  of  mines,  where  it  shall  be  kept  on  file  as  a  public 
document,  and  another  copy  shall  be  sent  immediately  to  the  . 
superintendent  of  the  mine  to  be  posted  by  him  in  a  conspicuous 
place  near  the  workings. 

If  the  inspector  discovers  any  violation  of  any  of  the  pro-dS^wdSi  oi 
visions  of  this  act,  or  any  conditions  which,  in  his  opinion,  may  be  Sj*Se^<Jr^^ 
contrary  to  the  spirit  of  this  act,  he  shall  at  once  notify  the  super-  "*  ***  ''^*"* 

^*  In  some  of  the  more  important  coal  mining  States  the  responsibilities  of  the 
electrical  inspector  of  mines  are  so  great  that  the  salaries  here  suggested  appear  to 
be  very  moderate.  In  other  States,  as,  for  example,  in  the  metal  mining  States  or 
those  States  in  which  the  coal  mining  industry  is  not  of  great  magnitude,  a  smaller 
salary  would  be  indicated. 
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intendent  or  manager  of  the  mine  in  which  such  condition  is  dis- 
covered and  order  the  immediate  removal  of  the  defect.  If  the 
superintendent  or  manager  fails  to  remove  at  once  such  condition,*' 
the  inspector  shall  immediately  report  the  matter  to  the  chief  of 
the  department  of  mines,  who  shall  promptly  designate  two  other 
inspectors  who  shall  accompany  said  electrical  inspector  to  the  mine 
wherein  said  dangerous  condition  is  alleged  to  exist.  If  after  a  full 
investigation  the  inspectors  agree  that  the  condition  is  one  of  grave 
danger,  they  shall  direct  the  superintendent  of  the  mine  in  writ- 
ing to  remove  the  dangerous  condition  immediately,  and  if  the 
superintendent  fails  to  do  so,  the  inspectors  shall  at  once  apply  to 
the  proper  court  for  a  writ  of  injunction  to  enjoin  the  immediate 
suspension  of  all  work  in  or  about  any  part  of  the  mine  which  the 
inspectors  believe  to  be  jeopardized  by  the  dangerous  condition. 
Whereupon  the  court  shall  proceed  immediately  to  hear  the  case, 
and  if  the  cause  appear  to  be  sufficient  he  shall  issue  a  writ  of 
injunction  restraining  the  working  of  said  mine  imtil  it  can  be 
shown  to  the  satisfaction  of  the  court  that  the  provisions  of  this 
act  have  been  complied  with. 

If  the  court  shall  sustain  the  decision  of  the  inspectors,  the 
costs  of  the  proceeding  shall  be  paid  by  the  owner  or  agent  oper- 
ating the  mine,  but  if  the  court  shall  not  sustain  the  decision  of 
the  inspectors,  the  costs  shall  be  paid  by  the  coimty. 
Electrical    In-         The  elcctrical  inspector  shall  work  under  the  direction  of  the 
dSirtaient^*'  jjchief  of  the  department  of  mines,  and  shall  perform  such  duties 
™"^  and  make  such  reports  from  time  to  time  as  he  may  direct. 

pj^enionBiiec-  If  at  any  time  the  electrical  inspector  shall  discover  any  con- 
dition of  so  grave  a  character  that,  in  his  opinion,  any  delay  might 
be  disastrous  to  life,  he  shall  have  the  power  to  withdraw  tem- 
porarily all  persons  from  such  dangerous  place  until  the  foregoing 
provisions  of  this  section  can  be  carried  out. 

*•  In  a  proposed  code  recently  prepared  by  the  department  of  mines  of  Pennsylvania 
and  presented  to  the  state  legislature,  the  procedure  is  briefly  as  follows: 

In  case  of  disagreement  between  inspector  and  mine  owner  or  operator,  the 
owner  or  operator  shall  appeal  to  the  chief  of  the  department  of  mines,  who  then 
appoints  two  other  inspectors  to  accompany  the  inspector  of  the  district  to  make  a 
further  examination  into  the  matter  in  dispute.  If  the  inspectors  agree  their  decision 
shall  be  final  unless  the  owner  or  operator  shall  appeal  within  seven  days  to  the  proper 
court.  The  court  must  then  appoint  three  persons  as  referees  to  investigate  the 
matter,  and  if  they  sustain  the  decision  of  the  inspectors,  their  decision  shall  be  final 
unless  a  bill  of  exception  is  filed  by  the  owner  or  operator  within  ten  days,  in  which 
case  the  court  shall  proceed  at  once  to  hear  the  case,  and  his  decision  shall  be  final  and 
conclusive. 
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The  electrical  inspector  shall  have  the  right  to  enter  any  mine^^JJj^^SJJ^^ 
within  his  jurisdiction  at  any  time  for  the  purpose  of  making  J}?*'*"' '"*'*^" 
examinations  or  obtaining  information.  In  case  of  accident, 
resulting  directly  or  indirectly  from  the  use  of  electrical  apparatus 
in  or  about  the  mine,  the  electrical  inspector  shall  be  required  to 
make  a  full  and  complete  investigation  into  the  nature  and  cause 
of  the  accident,  and  to  enable  him  to  do  this  he  shall  have  power 
to  summon  witnesses  and  administer  oaths.  He  shall  make  a  full 
report  of  every  such  investigation  to  the  chief  of  the  department  of 
mines. 

When  written  charges  of  incompetency  or  gross  neglect  oftriouta«Sci«**" 
duty,  or  malfeasance  in  oflSce,  shall  be  brought  against  any  elec- 
trical inspector,  and  signed  by  not  less  than  15  coal  miners,  or  by 
one  or  more  mine  owners  or  operators  (and  accompanied  by  a 
bond  in  the  sum  of  five  hundred  ($500)  dollars,  payable  to  the 
State  and  signed  by  two  or  more  responsible  freeholders,  and  con- 
ditioned for  the  payment  of  all  costs  and  expenses  arising  from 
the  investigation  of  such  charges)  the  governor  shall  convene  a 
board  of  examiners  to  investigate  the  case,  which  board  shall  con- 
sist of  three  members,  one  of  whom  shall  be  a  member  of  the  elec- 
trical inspector's  examining  board,  one  a  mining  engineer,  and  the 
third  the  attorney-general  of  the  State  or  a  presiding  judge  of  the 
district  coiut,  said  board  to  be  convened  at  such  time  and  place 
as  the  governor  may  deem  best,  giving  ten  days*  notice  to  the 
inspector  against  whom  the  charges  are  made,  and  also  the  per- 
sons who  have  made  the  charges.  The  board  when  so  convened, 
and  having  been  first  duly  sworn  truly  to  try  and  decide  the 
charges  made,  shall  summon  any  witnesses  desired  by  either  party 
to  the  case,  and  examine  them  on  oath  which  may  be  administered 
by  any  member  of  the  board,  and  depositions  may  be  read  on  such 
examination  as  in  other  cases;  and  the  board  shall  examine  fully 
into  the  charges  and  report  the  result  of  the  investigation  to  the 
governor.  If  the  board  shall  sustain  the  charges  made,  the  gov- 
ernor shall  at  once  declare  the  oflSce  of  the  said  electrical  inspector 
vacant,  and  shall  proceed  to  fill  the  same  in  accordance  with  the 
provisions  of  this  act,  and  the  costs  of  said  investigation  shall  be  corttoitriai 
paid  by  the  county.  If,  however,  the  charges  shall  not  be  sus- 
tained, the  said  electrical  inspector  shall  stand  exonerated,  and 
the  costs  of  the  examination  shall  be  paid  by  the  persons  signing 
the  bond. 
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oi^duutM  tor  Applicants  for  the  mine  electricians'  certificate  of  competency 
triSiua™*"*****"  shall  be  required  to  give  satisfactory  evidence  that  they  are  at 
least  21  years  of  age,  that  they  are  of  temperate  habits  and  of 
good  repute,  and  that  they  are  in  good  physical  condition.  They 
must  further  show  that  they  have  had  at  least  two  years'  practical 
experience  either  as  assistant  mine  electrician  or  in  the  operation 
of  electrical  systems  devoted  to  power  purposes,  in  which  case 
their  experience  must  include  both  wiring  and  the  operation  and 
repair  of  electric  motors.  They  must  give  evidence  that  they 
possess  a  practical  knowledge  of  electric  wiring,  the  making  of 
joints,  bonding  of  tracks,  and  testing  for  faults  in  wires,  cables,  and 
motors.  Also,  that  they  have  a  due  appreciation  of  the  dangers 
attendant  upon  the  use  of  electricity  in  mines,  and  a  knowledge  of 
the  proper  safeguards.  They  must  show  also  that  they  possess  a 
sufficient  knowledge  of  the  rules  of  the  American  Institute  of 
Electrical  Engineers,  and  of  the  rules  and  regulations  provided 
by  law  for  governing  the  use  of  electricity  in  mines  in  the  State 
of 

•ap«ta?ende*nt!  ^^  ^^^^^  t)^  ^^^  duty  of  the  mine  superintendent,  mine  fore- 
man, or  other  official  in  responsible  charge  of  the  mine  at  the  time 
of  any  serious  accident,  at  once  to  give  notice  of  such  accident  to 
the  inspector  of  the  district  in  which  the  accident  occurred. 

Any  person  who  shall  violate  any  of  the  provisions  of  this 
act  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof  shall  be  punished  by  a  fine  not  exceeding  one  hundred  • 
($100)  dollars,  or  by  imprisonment  for  a  term  not  exceeding  three 
months,  or  by  both  such  fine  and  imprisonment,  at  the  discretion 
of  the  court. 

Any  mine  owner,  superintendent,  mine  foreman  or  mine  elec- 
trician who  shall  wilfully  permit  any  violation  of  any  of  the  pro- 
visions of  this  act  shall  be  deemed  guilty  of  a  misdemeanor,  and 
upon  conviction  thereof  shall  be  punished  by  a  fine  not  exceeding 
two  hundred  ($200)  dollars,  or  by  imprisonment  for  a  term  not 
exceeding  six  months,  or  by  both  such  fine  and  imprisonment,  at 
the  discretion  of  the  court. 

pjjjj^""y  *>' «™"  If  any  employee  shall  receive  any  injury,  occasioned  by  the 
violation  of  any  of  the  provisions  of  this  act  by  the  owners,  oper- 
ators, or  any  responsible  employee  of  said  owners  or  operators,  a 
right  of  action  shall  accrue  to  the  injured  party  against  said  owner 
or  operator,  for  any  injuries  he  may  have  sustained  thereby.  And 
in  case  of  loss  of  life  by  reason  of  such  violation  aforesaid,  a  right 
of  action  shall  accrue  to  the  widow  or  lineal  heirs  of  the  deceased 
for  the  recovery  of  damages. 
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in.  SOME  EXPLANATORY  STATEMENTS  IN  REGARD  TO  THE 
PROPOSED  CODE  OF  RULES  GOVERNING  THE  USE  OF  ELEC- 
TRICITY IN  mInes 

In  the  accompanying  code  there  are  a  number  of  proposed  rules  in 
regard  to  which  there  appears  to  be  considerable  diversity  of  opinion.  It 
has  seemed  wise  therefore  to  accompany  these  proposed  rules  with  a  few 
explanatory  notes  setting  forth  the  principal  considerations  that  have  led 
to  the  adoption  of  certain  of  the  proposed  rules  about  which  there  may  be 
some  question. 

NOTE   A 

RtUe  I  (second  paragraph) . — ^This  rule  requires  that  the  frames  and  bed- 
plates of  generators,  motors,  and  transformers,  and  the  metallic  coverings  of 
cables,  switches,  etc.,  shall  be  grounded. 

Four  objections  are  usually  brought  against  groimding  as  herein 
required,  viz : 

(i)  It  produces  greater  strain  on  the  insulation. 

(2)  A  single  fault  in  the  insulation  requires  the  shutting  down  of  the 
machine  or  cable. 

(3)  Such  a  fault  may  develop  a  short  circuit  and  the  flash  which 
results  may  ignite  gas,  should  the  latter  be  present. 

(4)  Difficulty  is  often  experienced  in  making  a  good  ground,  especially 
for  coal-cutter  motors. 

The  first  of  these  objections  can  be  justified  only  on  the  ground  of  economy 
in  the  initial  installation.  It  is  true  that  a  somewhat  cheaper  machine  can 
be  built  where  the  insulation  strains  can  be  kept  low,  but  in  the  case  of  low 
or  medium  voltage  machines  for  mining  work  the  severe  mechanical  strains 
that  are  put  on  the  insulation  due  to  severe  overloads,  mechanical  shocks, 
etc.,  require  that  the  insulation  be  of  such  strength  and  quality  that  the 
additional  voltage  strain  that  would  be  caused  by  grounding  the  frame  would 
be  of  relatively  small  consequence.  The  difference  in  cost  would  therefore 
be  of  such  slight  importance  that  it  would  be  hardly  worthy  of  consideration 
in  comparison  with  the  much  more  important  question  of  safety. 

As  regards  the  second  objection,  that  a  single  fault  in  the  insulation  makes 
it  necessary  to  shut  jiown  the  machine,  it  must  be  said  that  this  is  true  only 
in  case  one  point  of  the  electric  circuit  is  grounded,  and  even  then  it  can 
hardly  be  regarded  as  a  disadvantage.  A  machine  which  has  developed  a 
fault  in  its  insulation  should  never  be  continued  in  operation  in  a  mine 
even  though  such  operation  may  be  possible.  Any  machine  that  has  devel- 
oped a  fault  in  its  insulation  is  obviously  more  likely  to  develop  another 
than  one  in  which  trouble  has  never  occurred,  because  the  appearance  of 
the  first  fault  often  indicates  a  bad  condition  of  the  insulation  as  a  whole. 
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Hence  it  is  more  dangerous  to  operate  a  machine  that  is  grounded  through 
defective  insulation  than  to  operate  one  in  which  the  frame  is  intentionally 
connected  to  earth.  Moreover,  either  through  overlooking  the  defect,  or 
owing  to  the  inevitable  tendency  of  the  operator  to  keep  the  machine  in 
operation,  even  after  the  first  defect  is  discovered,  this  condition  of  greater 
danger  would  frequently  arise. 

The  third  objection  mentioned  carries  practically  no  weight  for  the 
reason  that  the  rules  prohibit  the  operation  of  electric  machines  where  gas 
in  explosive  quantities  is  present,  and  the  possibiUfy  of  a  short  circuit 
developing  during  the  interval  between  the  appearance  of  gas  and  the  shut- 
ting down  of  the  machine  is  very  remote. 

The  last  objection  is  not  serious  since  the  ground  wire  need  not  be  of 
large  current  carrying  capacity,  hence  a  small  flexible  wire  can  be  run  to 
any  convenient  ground  plate  or  other  suitable  ground,  either  back  along 
the  trailing  cable  or  separately  as  the  case  may  require.  Since  this  wire  is 
not  alive  its  presence  can  not  be  regarded  as  materially  objectionable  and  the 
question  of  insulation  does  not  arise  at  all. 

On  the  other  hand  we  have  the  unquestionable  fact,  supported  by  numer- 
ous authentic  records,  that  persons  have  frequently  been  killed  by  coming 
in  contact  with  the  ungrounded  frame  of  a  motor  or  coal  cutter  which  had 
accidently  become  alive  even  from  a  lower  stage  circuit;  whereas  such 
accidents  are  rendered  absolutely  impossible  by  the  thorough  groimding  of 
the  frames  of  such  machines. 

It  would  seem  therefore  that  the  doubtful  advantage  of  ungrounded 
machine  frames  can  hardly  be  regarded  as  comparable  with  the  positive 
safety  from  shock  assured  by  the  thorough  grounding  of  such  machines. 

Grounding  of  machine  frames,  cable  sheaths,  etc.,  is  required  by  law 
in  Great  Britain,  Cape  of  Good  Hope,  and  New  South  Wales. 

NOTE   B 

The  grounding  of  three-wire  direct  current  systems  and  all  alternating 
current  systems  of  low  or  medium  voltage  is  deemed  of  great  importance 
as  a  measure  of  safety.  The  large  number  of  deaths  from  electric  shock 
from  low  and  medium  voltage  circuits  has  proven  beyond  a  doubt  that  the 
danger  even  from  low  voltage  circuits  is  serious  and  should  be  guarded 
against  wherever  possible.  Three-wire  systems  are  rarely  installed  in  mines 
for  lower  than  medium  voltages,  and  since  the  grounding  of  the  neutral  of 
such  a  system  reduces  the  normal  working  pressure  between  either  line  and 
groimd  to  one-half  what  it  would  if  one  side  were  grounded,  it  is  desirable 
that  the  neutral  point  be  grounded  wherever  possible. 

In  alternating  current  systems  the  danger  from  shock  arises  from  two 
sources,  viz,  from  the  normal  working  pressure  of  the  circuit,  and  in  the 
case  of  secondary  circuits,  from  the  high  pressure  of  the  primary  circuit  due 
to  accidental  contact  between  primary  and  secondary  system.  Danger 
from  the  latter  source  is  eliminated  by  groimding  any  |X)int  of  the  secondary 
system.  If  one  side  of  the  secondary  be  grounded,  however,  there  would 
still  remain  the  danger  of  shock  from  the  normal  working  pressure  of  the 
secondary  circuit,  while  if  the  neutral  or  middle  point  of  the  secondary  wind- 
ing of  the  transformer  be  groimded,  a  person  standing  on  the  ground  and 


Digitized  by 


Google 


Standardization  of  Electrical  Practice  in  Mines  33 

touching  either  wire  would  receive  only  half  of  the  normal  working  pressure 
between  lines  in  the  case  of  a  single-phase  system.  Here,  again,  therefore, 
the  neutral  should  be  groimded  wherever  possible.  Most  companies  are 
now  prepared  to  supply  standard  types  of  transformers,  in  which  the  neutral 
can  readily  be  groimded  when  working  at  pressures  of  220  or  440  volts,  so 
that  this  presents  no  diflBculty.  In  three-phase  systems  two  cases  have  to 
be  considered,  viz,  the  ^  and  Y  connected  secondaries.  In  the  latter  the 
common  connection  of  the  three  phases  is  commonly  called  the  neutral  and 
this  point  should  always  be  groimded,  since  by  so  doing  the  voltage  between 
any  line  and  ground  is  reduced  to  about  58  per  cent  of  what  it  would  be  if  one 
line  were  grounded.  In  case  the  secondary  is  connected  in  ^  there  is  no 
neutral  point  as  in  the  case  of  the  Y  connection.  In  this  case  the  neutral 
point  of  one  phase,  and  one  only,  should  always  be  grounded,  as  in  this  case 
the  pressure  between  two  of  the  lines  and  ground  is  reduced  to  one-half  of  the 
.  normal  working  pressure  between  lines,  and  that  between  the  third  line  and 
ground  is  reduced  to  about  86  per  cent  of  the  normal  line  voltage.  It  is 
apparent,  therefore,  that  grounding  a  proper  neutral  point  on  any  system 
greatly  reduces  the  danger  of  shock.  It  may  be  noted  that  the  delta-con- 
nected system  gives  a  somewhat  less  satisfactory  condition  in  this  respect, 
but  inasmuch  as  this  connection  is  sometimes  preferable  in  practical  opera- 
tion, it  does  not  seem  desirable  to  prohibit  its  use. 

NOTE  c 

Rule  3, — The  prohibition  of  pressures  higher  than  600  volts  on  portable 
motors  and  the  moving  parts  of  machines  is  justified  by  the  fact  that  with 
these  high  voltages  the  question  of  insulation  becomes  a  very  important  one 
and  the  necessity  for  maintaining  thorough  insulation  is  imperative.  It  has 
been  demonstrated  by  experience  that  the  insulation  of  moving  armature 
coils  and  of  flexible  trailing  cables,  especially  the  latter,  is  much  more 
difficult  to  maintain  than  in  the  case  of  stationary  armatures  and  fixed  cables. 
Moreover,  portable  motors  and  cables  require  much  more  handling  than 
stationary  motors  and  hence  the  liability  to  shock  becomes  greater. 

In  the  excessively  damp  atmosphere  that  prevails  in  many  mines  the 
use  of  an  air  blast  for  cooling  transformers  seems  certain  to  give  rise  to 
serious  insulation  troubles.  Oil  insulated,  oil  or  water-cooled  transformers 
have  demonstrated  their  reliability  and  comparative  safety  under  all  con- 
ditions of  service,  and  it  is  therefore  believed  that  a  maximum  degree  of  safety 
will  result  from  their  use. 

The  limitation  of  high- voltage  motors  to  20  horsepower  or  over  is  advis- 
able for  several  reasons:  In  the  first  place,  it  is  very  difficult  to  provide 
ample  insulation  for  the  coils  in  the  small  space  available  in  motors  of  less 
than  20  horsepower  without  making  an  unduly  large  and  expensive  machine; 
and  further,  since  small  machines  usually  receive  less  care  and  attention  than 
large  machines,  trouble  is  more  likely  to  develop.  Again,  the  use  of  high 
voltage  is  desirable  only  for  the  sake  of  securing  economy  of  copper  in  the 
transmission  line,  and  its  importance  therefore  depends  on  the  amount 
of  power  to  be  transmitted.  In  the  case  of  very  small  powers,  the  total 
charge  for  copper  with  medium  voltage  would  be  small  and  hence  the  saving 
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by  the  use  of  high  voltage  would  not  be  sufficient  to  justify  the  increased 
hazard  which  must  accompany  its  use,  and  its  use  in  such  cases  should 
therefore  be  discouraged. 

It  seems  advisable  to  make  a  distinction  between  the  danger  signals 
to  be  used  on  high  and  meditun  voltage  systems  for  the  reason  that  men,  as 
a  rule,  have  a  tendency  to  disregard  danger  signals  if  they  are  too  common, 
and  this  would  be  especially  true  if  the  same  signals  are  used  on  the  high- volt- 
age circuits  as  are  used  on  the  low-potential  circuits.  By  making  a  distinction 
between  the  two  classes,  the  high- voltage  circuits  at  least,  which  are  admit- 
tedly the  most  dangerous,  are  more  likely  to  be  avoided. 

It  has  been  argued  that  the  tendency  of  men  to  disregard  danger  signals 
is  so  great  that  it  is  useless  to  provide  them  in  any  case.  It  can  not  be  denied, 
however,  that  there  are  many  men  who  desire  to  avoid  danger  and  would 
do  so  if  they  were  warned  of  its  presence,  and  in  justice  to  such  it  apf>ears 
that  the  least  that  can  be  done  is  to  point  out  that  the  wires  are  dangerous, 
and  also  as  near  as  may  be,  indicate  the  degree  of  the  danger. 

Not  a  few  persons  consulted  have  opposed  the  provision  requiring 
that  low-pressure  circuits  be  marked  with  the  word  **  Caution."  Our 
records  show,  however,  that  in  the  aggregate  a  large  niunber  of  persons 
have  been  killed  by  coming  in  contact  with  low-voltage  wires,  and  we 
believe  that  some  sort  of  warning  is  necessary. 

NOTE    D 

Rule  4. — In  the  matter  of  leakage,  it  seems  necessary  to  make  a  distinc- 
tion between  cables  of  two  or  more  wires,  or  those  with  metallic  sheaths,  and 
those  wires  that  may  give  rise  to  leakage  over  ex|X)sed  surfaces.  In  the  former 
case  any  leakage  that  may  exist  must  of  necessity  pass  through  the  insulation, 
and  a  relatively  small  amount  of  leakage  would  indicate  a  defective  condition 
of  the  insulation  which  might  at  any  time  develop  serious  consequences. 
On  the  other  hand,  in  the  case  of  wires  which  depend  on  their  supports  for 
insulation,  such  as  trolley  wires,  there  is  the  possibility  of  leakage  over 
exposed  surfaces,  and  in  general  owing  to  accumulations  'of  damp  coal 
dust  and  dirt,  which  may  contain  considerable  acid,  the  leakage  will  be  much 
greater.  The  leakage  current  will,  as  a  rule,  be  distributed  over  a  great 
many  insulators,  and  further  since  it  indicates,  as  a  rule,  only  a  temporary 
condition  that  can  be  readily  removed  by  cleaning  the  insulators,  it  is  not 
to  be  regarded  as  being  as  serious  as  leakage  from  cables,  and  hence  much 
larger  leakage  may  be  permitted  in  such  cases. 

NOTE  E 

Rule  5.  Examination  of  mine  electricians, — The  post  of  mine  electrician 
is  one  of  considerable  importance,  since  it  has  much  to  do  not  only  with  the 
economy  and  reliability  of  operation  of  the  electrical  system,  but  also  with 
the  safety  of  the  miners.  Great  care  should  therefore  be  exercised  in  choos- 
ing a  man  for  this  place. 

We  believe  that  mine  electricians  should  be  required  to  pass  an  examina- 
tion along  the  lines  indicated  in  section  6  of  the  proposed  code,  for  reasons 
which  will  appear  from  a  careful  consideration  of  the  qualifications  which 
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such  persons  ought  to  possess.  A  mine  electrician  must  be,  among  other 
things,  a  person  capable  of  exercising  sound  judgment.  In  order  to  do  this, 
he  must  have  had  ample  experience,  since  no  inexperienced  person  can  judge 
soundly  in  regard  to  technical  matters.  He  must  also  have  a  thorough 
knowledge  of  the  state  laws  governing  the  use  of  electricity  in  mines,  in  order 
that  he  may  know  when  the  laws  are  being  complied  with.  An  examining 
board,  properly  constituted,  can  determine  with  certainty  in  regard  to  the 
two  latter  of  these  requirements,  and  it  can  also  form  a  pretty  accurate 
judgment  in  regard  to  the  first;  and,  in  determining  this  much  in  regard  to 
the  men,  the  board  could  be  of  very  great  assistance  to  nontechnical  mine 
operators  in  the  selection  of  a  man  for  this  important  post. 

As  to  the  other  principal  requirement  of  the  mine  electrician,  viz,  that 
he  be  suflBciently  industrious  to  exert  himself  to  use  his  abilities  in  the 
proper  discharge  of  his  duties,  the  board  probably  could  not  determine  so 
defijiitely,  but  even  here  it  could  be  of  considerable  assistance  by  inquiring 
into  the  previous  record  of  service  of  the  applicant.  We  have  obtained 
expressions  of  opinion  from  a  number  of  mine  electricians  in  regard  to  this 
matter,  and  in  the  vast  majority  of  cases  they  are  unqualifiedly  in  favor  of 
the  proposal  where  the  character  of  the  proposed  examination  is  explained 
to  them.  An  examination  carried  out  along  the  lines  indicated  in  section  6 
would  be  an  eminently  practical  one  and  free  from  political  favor  or  bias, 
and  it  would  eliminate  few,  if  any,  men  who  are  really  competent  to  carry 
the  responsibilities  of  a  mine  electrician.  It  would,  however,  eliminate 
from  the  list  of  possibilities  not  a  few  incompetent  persons  who,  through 
some  form  or  other  of  personal  favoritism,  might  in  some  cases  be  given 
responsibilities  that  they  are  not  properly  qualified  to  carry.  We  do  not 
see  how  such  an  examination  could  ever  result  in  lowering  the  efficiency  of 
mine  electricians,  while  it  appears  certain  that  in  many  cases  at  least  it 
would  tend  materially  to  raise  the  standard. 

NOTE   F 

RtUe  10, — It  is  a  well-known  fact  that  bituminous  coal  dust  in  consid- 
erable quantity  is  violently  explosive  in  the  presence  of  air,  even  though  no 
explosive  gas  whatever  is  present.  Further,  a  quantity  of  gas  too  small  to  be 
explosive  in  itself,  or  even  to  be  indicated  on  the  cap  of  a  safety  lamp,  may, 
in  the  presence  of  a  small  quantity  of  coal  dust,  produce  a  violently  explosive 
mixture.  There  are  many  mining  engineers  who  believe  that  coal  dust  is 
more  frequently  the  cause  of  explosions  than  gas.  Inasmuch  as  numerous 
electrical  phenomena,  such  as  short  circuits,  blowing  of  fuses,  arcing  of  air- 
break  switches,  etc.,  are  capable  of  igniting  any  coal  dust  that  may  be 
present,  it  seems  necessary  that  special  precautions  be  taken  to  remove  or 
keep  down  coal  dust,  or  else  the  special  rules  applying  to  gaseous  mines 
should  be  observed. 

NOTE  G 

Rule  14. — All  high-voltage  wires  inside  of  a  mine  should  be  thoroughly 
insulated  for  the  reason  that  it  is  impracticable  to  maintain  insulating 
supports  so  as  not  to  give  rise  to  excessive  leakage  over  the  surface  when 
subjected  to  high  voltage,  and  also  to  reduce  the  danger  of  electric  shock. 
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Owing,  however,  to  the  excessively  damp  and  acid  atmosphere  in  most  mines, 
all  insulations  at  present  available  for  commercial  insulation  of  cables  dete- 
riorate much  faster  than  under  ordinary  conditions  above  ground,  and  in 
time  become  practically  worthless,  and  even  a  menace,  since  their  presence 
may  engender  a  false  sense  of  security  and  actually  increase  the  danger  of 
electric  shock:  The  only  remedy  for  this  is  to  use  metal-covered  cables. 
This  would  be  more  expensive,  of  course,  in  first  cost,  but  the  greatly 
increased  life  of  the  cable,  together  with  greater  freedom  from  trouble, 
would  probably  make  it  the  more  economical  in  the  end,  and  if  the  lead 
sheath  be  grounded  it  eliminates  entirely  the  danger  of  electric  shock. 

It  seems  advisable  also  that  even  with  lead-covered  cables  the  insula- 
tion should  be  nonhygroscopic  and  as  nearly  as  possible  proof  against  the 
action  of  mine  acids,  because  there  is  always  the  possibility  of  a  defect 
appearing  in  the  lead  sheath,  either  through  a  defective  joint  or  through 
electrolytic  action,  or  otherwise;  and  if  paper  insulation  is  used,  even  a  small 
opening  of  this  sort  may  admit  enough  moisture  to  destroy  the  insulation 
at  that  point  and  cause  a  breakdown.  The  use  of  nonhygroscopic  insulation 
protected  by  a  lead  sheath  seems  therefore  to  ofiFer  the  most  reliable  protec- 
tion and  should  be  used  in  all  cables  that  are  of  sufficient  importance  to 
demand  the  use  of  high  voltage. 

NOTE  H 

Rule  16, — Whenever  two  dissimilar  metals  are  joined  together,  as  at 
the  contact  of  a  soldered  joint,  there  exist  local  differences  of  potential 
which,  in  the  presence  of  an  excessively  moist  atmosphere,  will  give  rise  to 
more  or  less  local  electrolytic  corrosion,  which  in  time  may  destroy  the 
joint.  This  can  be  largely  prevented  by  taping  or  otherwise  insulating  the 
joint  in  such:  a  way  as  to  protect  it  from  moisture.  The  ex|>ense  of  this 
protection  is  so  slight  as  to  be  of  no  consequence,  and  it  should  therefore  be 
applied  in  all  cases  where  bare  wires  are  used  except,  of  course,  in  the  case 
of  trolley  wires  where  it  is  obviously  impractical. 

NOTE  I 

Rule  22  {third  paragraph) . — Every  overhead  trolley  wire  is  a  source  of 
danger  when  the  pressure  is  on,  whether  the  same  be  in  use  or  not,  but 
inasmuch  as  most  branch  trolley  wires  are  actually  in  use  only  a  small  part 
of  the  time,  it  would  greatly  reduce  the  probability  of  electric  shock  if  the 
pressure  were  cut  off  when  not  actually  needed.  If  this  be  done,  however, 
some  sort  of  signal  should  be  provided  to  indicate  when  the  pressure  is  on, 
and  in  the  dark  recesses  of  a  mine,  lamps  would  appear  to  be  the  only  suit- 
able signal  for  this  purpose.  A  number  of  lamps  should  therefore  be  perma- 
nently connected  in  series  across  the  trolley  circuit,  the  number  depending 
on  the  voltage  of  the  line,  and  the  lighting  up  of  these  lamps  would  indicate 
that  the  trolley  wire  is  alive.  Owing  to  the  liability  of  the  lamps  to  bum 
out,  and  further  since  the  burning  out  of  one  lamp  extinguishes  all  those  in 
series  with  it,  a  single  circuit  of  this  kind  might  sometimes,  by  its  failiu'e  to 
light  up,  give  a  false  signal  indicating  that  the  trolley  wire  is  dead  even 
when  the  pressure  is  on,  which  would  obviously  be  worse  than  if  no  signal 
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at  all  were  provided.  To  prevent  this  at  least  two  such  sets  of  lamps  should 
be  connected  to  the  trolley  circuit  at  every  entrance  to  the  branch  roadway, 
so  that  the  failure  of  one  lamp  would  not  cause  a  failure  of  the  signal. 

NOTE  J 

Rule  26, — Sectionalizing  switches  are  necessary  both  for  disconnecting 
certain  sections  of  the  line  in  cases  of  emergency,  such  as  fires,  short  circuits, 
etc.,  and  for  purposes  of  periodic  testing  of  the  insulation. 

NOTE  K 

Rule  55. — ^The  question  of  communication  between  the  surface  and  the 
workings  of  large  mines  is  one  which  has  not,  in  most  cases,  received  as 
much  attention  as  its  importance  deserves.  Many  mine  managers  who  have 
expressed  themselves  on  this  subject  agree  that  an  adequate  telephone 
system  in  a  large  mine  will  be  worth  much  more  than  its  cost  merely  as  an 
aid  to  the  regular  routine  operation  of  the  mine.  The  delay  in  its  gen- 
eral introduction  may  be  due  in  part  to  the  peculiar  physical  conditions 
which  prevail  in  most  mines,  which  render  it  difficult  to  maintain  in  proper 
working  order,  a  telephone  system  installed  on  lines  similar  to  those  generally 
employed  above  ground.  At  the  present  time,  however,  several  firms  are 
prepared  to  furnish  telephone  systems  designed  especially  for  mining  con- 
ditions, and  such  systems  may  be  depended  upon  to  give  satisfactory  and 
reliable  service,  provided  sufficient  care  be  taken  to  insure  good  construction 
of  the  line.  Such  a  system  would  be  of  value  not  alone  in  facilitating  the 
regular  operation  of  the  mine,  but  it  might  often  prove  to  be  a  valuable  agent 
in  preventing  mine  disasters,  or  in  reducing  their  severity.  In  order  to  be 
most  effective  in  doing  this,  however,  it  is  necessary  that  the  construction 
be  such  as  to  give  rise  to  the  fewest  possible  interruptions.  This  condition 
is  difficult  to  attain  if  the  wires  are  placed  along  the  side  or  roof  of  the  road- 
ways, because  owing  to  the  falls  of  earth,  fires,  explosions,  and  other  causes, 
the  lines  might  become  useless  when  most  needed.  It  seems  probable  that 
the  most  reliable  working  could  be  attained  by  introducing  the  telephone 
cables  into  the  mine  by  way  of  suitably  placed  drill  holes.  In  this  case  the 
main  lines  would  be  free  from  interruption  due  to  falls  of  earth  and  most 
explosions,  and  fires  of  short  duration,  and  might  often  be  used  to  advan- 
tage in  rescue  work  when  such  disasters  occur. 

Such  a  construction  would  generally  be  the  most  reliable  one  in  cases 
of  emergency,  when  the  lives  of  the  miners  are  at  stake,  and  the  great 
importance  of  this  feature  would  seem  to  give  ample  warrant  for  this  type 
of  construction. 

NOTE  L 

^  Rule  36. — There  are  some  who  believe  that  electric  circuits  and  appa* 
ratus  of  all  kinds  should  be  entirely  excluded  from  mines  in  which  the 
liability  of  the  appearance  of  gas  is  such  as  to  render  necessary  or  advis- 
able the  use  of  saftey  lamps.  In  view,  however,  of  the  great  economic 
importance  of  electricity  in  coal  mining,  care  should  be  exercised  not  to 
restrict  or  hamper  its  use  more  than  is  rendered  necessary  by  considera- 
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tions  of  safety  to  life  and  property.  There  can  be  no  question  but  that 
all  types  of  electrical  apparatus  which,  during  normal  operation  give  rise 
to  sparks,  arcs,  or  flashes,  such  as  direct-current  motors,  arc  lamps,  trolleys, 
etc.,  are  very  dangerous  whenever  there  is  any  great  probability  of  the 
appearance  of  gas,  and  it  will  be  generally  agreed  that  such  apparatus 
should  be  prohibited  wherever  conditions  are  such  as  to  render  necessary 
the  use  of  safety  lamps.  With  other  apparatus,  however,  such  as  explosion- 
proof  motors,  polyphase  motors  of  proper  design,  and  well-installed  cir- 
cuits conveying  power  to  such  apparatus,  there  is  comparatively  little 
danger  of  igniting  gas  even  if  it  should  be  present  in  explosive  quantities. 
In  fact,  the  ignition  of  gas  by  such  apparatus  is  impossible  except  under 
certain  comparatively  rare  conditions  of  abnormal  operation — conditions 
which  can  usually  be  anticipated  and  prevented  by  proper  periodic  testing 
and  inspection  of  the  apparatus.  It  does  not  seem  wise  therefore  to  pro- 
hibit the  use  of  such  apparatus  where  gas  does  not  exist  merely  because 
there  is  a  possibility  of  its  appearance.  But  because  of  the  possibility  of 
danger  when  gas  is  actually  present  it  has  been  deemed  wise  to  require 
the  immediate  shutting  down  of  all  electrical  apparatus  as  soon  as  gas  is 
found  to  be  present  in  dangerous  quantities.  It  is  believed  that  this 
requirement  practically  eliminates  the  danger  of  an  explosion  arising  from 
this  source  because,  in  view  of  the  fact  that  such  apparatus  may  often 
operate  for  days  or  even  weeks  in  the  actual  presence  of  explosive  gas 
without  causing  an  explosion,  the  danger  of  the  ignition  of  gas  during  the 
brief  interval  between  its  appearance  and  the  shutting  down  of  the  appa- 
ratus seems  very  remote  indeed. 

Another  rule  (Rule  46)  provides  for  cutting  the  pressure  off  from  poly- 
phase and  other  motors  when  gas  actually  appears. 

NOTE   M 

Rule  45, — In  many  foreign  laws  provision  is  made  that  electric  motors, 
switches,  etc.,  working  in  gaseous  mines  shall  be  provided  with  flame-tight 
casings.  Experience  has  shown,  however,  that  such  casings  are  inadequate, 
since  it  is  practically  impossible  to  maintain  them  in  such  a  way  as  to  pre- 
vent the  accumulation  of  explosive  gases  within  them,  when  such  gases 
appear  in  considerable  quantity  in  the  air  outside.  The  necessity  for 
providing  means  for  opening  such  casings  for  inspection,  together  with 
frequent  changes  in  temperature  caused  by  ordinary  working,  with  the 
consequent  changes  in  internal  pressure,  contribute  to  the  difficulty  of 
maintaining  such  casings  free  from  gas.  Cases  have  actually  occurred  in 
which  explosions  of  gas  have  been  caused  by  opening  a  so-called  flame- 
tight  switch.  Experiments  have  shown  that  the  only  practicable  way  to 
operate  motors,  air-break  switches,  fuses,  etc. ,  in  an  explosive  atmosphere  is  to 
make  the  casing  explosion  proof.  In  so  doing  it  is  not  necessary  that  the 
case  be  made  gas-tight,  and  no  care  need  be  taken  to  prevent  gas  from 
entering  freely  within  the  casing.  The  essential  thing  here  is  to  make  the 
casing  of  sufficient  strength  to  resist  the  internal  pressure  developed  by  an  ex- 
plosion, and  to  provide  an  exit  for  the  gases  which  will  at  the  same  time  cool 
them  to  such  an  extent  that  they  can  not  communicate  the  explosion  to  the 
atmosphere.     This  is  usually  accomplished  by  causing  the  gases  to  pass  cut 
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through  a  somewhat  elongated  passageway,  across  which  are  placed  a 
number  of  fine  metal  gauzes,  preferably  of  copper.  In  passing  through 
these  gauzes  the  gases  are  cooled  successively,  and  by  providing  a  sufficient 
number  of  the  gauzes  the  temperature  of  the  gases  can  be  readily  reduced 
below  the  flash  point  of  the  gases  which  are  found  in  the  mines.  Other 
and  equally  effective  means  have  been  proposed,  so  that  the  requirements 
can  be  easily  met  by  the  manufacturers. 

Section  6. — It  is  recognized  that,  wherever  possible,  the  duties  of  the 
electrical  inspector  as  set  forth  in  the  proposed  code  should  be  performed 
by  the  regular  inspector  of  mines,  and  provision  is  made  for  this  wher- 
ever the  regular  inspector  is  qualified  to  perform  such  duties.  In  many 
cases,  however,  the  regular  inspectors  may  not  possess,  at  the  outset, 
sufficient  familiarity  with  electrical  apparatus  to  inspect  the  electrical  plant 
as  efficiently  and  thoroughly  as  it  should  be  done,  and  in  most  cases  con- 
siderable time  is  necessary  to  acquire  the  requisite  experience.  In  such 
cases  some  provision  seems  to  be  necessary  for  providing  proper  inspection 
of  the  electrical  apparatus  by  a  qualified  expert  until  such  a  time  as  the 
regular  inspector  may  acquire  sufficient  experience  with  electrical  machinery'' 
and  appliances  to  enable  him  to  properly  and  safely  exercise  the  authority 
of  electrical  inspector. 

Administration  of  the  law, — The  form  in  which  the  present  proposed 
code  is  drawn  places  the  authority  and  responsibility  for  enforcing  the  laws 
in  the  hands  of  the  chief  of  the  department  of  mines.  Such  departments  of 
mines  are  now  in  existence  in  most  of  the  leading  mining  States,  but  in 
some  States  no  such  department  exists,  the  supervision  of  mining  work, 
where  such  supervision  exists  at  all,  being  placed  with  some  other  branch 
of  the  state  government,  such  as  the  geological  survey,  bureau  of  labor, 
etc.  In  such  cases,  of  course,  the  details  of  that  part  of  the  law  relating  to 
itse  nforcement  would  be  changed  accordingly. 

Liability  of  employers. — In  inserting  the  clause  in  regard  to  liability  of 
employers,  it  is  recognized  that  many  States  now  cover  this  point  with  a 
general  liability  law  which  includes  mining  within  its  scope,  in  which  case 
this  provision  would  not  be  required  in  the  mining  law.  This  is  not  always 
the  case,  however,  and  the  importance  of  this  provision  appears  to  be  such 
as  to  justify  its  inclusion  here  by  way  of  suggestion. 

The  article  in  the  next  section  on  the  dangers  of  electric  wires  has  been 
prepared  for  the  information  of  the  mine  workers,  many  of  whom  are  unaware 
of  the  possibilities  of  accidents  due  to  contact  with  wires  or  the  short  circuit 
of  two  wires.  It  is  intended  to  reprint  this  article  as  a  separate  circular, 
perhaps  in  several  languages,  and  to  furnish  copies  to  mine  superintendents 
on  request,  to  distribute  among  the  employees  of  their  mines.  It  is  hoped 
that  in  justice  to  the  mine  workers  an  effort  will  be  made  to  get  this  infor- 
mation into  the  hands  of  the  men  for  whom  it  is  intended. 
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IV.  DAGGERS  OF  ELECTRIC  WIRES,  AND  HOW  TO  AVOID  THEM 

Electric  wires  used  for  power  purposes  in  mines  are  dangerous  to 
human  life  and  should  always  be  approached  with  caution.  Deaths  occur 
every  year  from  electric  shock,  and  yet  in  most  cases  these  accidents  could 
have  been  prevented  if  proper  care  had  been  exercised  to  prevent  contact 
with  the  wires.  Some  men  accustomed  to  working  near  electric  wires 
grow  careless,  and  it  is  largely  because  of  this  carelessness,  and  a  lack  of 
knowledge  of  the  dangers  involved,  that  so  many  deaths  from  electric  shocks 
occur. 

Special  precautions  are  necessary  in  mines  even  where  low  or  medium 
voltages  are  used.  Everybody  knows  that  high-voltage  wires,  carrying 
looo  volts  or  more,  are  dangerous,  and  such  wires  are  carefully  avoided. 
But  many  think  that  circuits  carrying  only  a  few  hundred  volts  are  not 
dangerous.  This  is  a  serious  mistake,  because  many  deaths  from  electric 
shock  occur  from  pressures  of  300  volts  or  less.  A  considerable  number  of 
deaths  have  occurred  from  contact  with  circuits  of  less  than  200  volts. 

Electric  circuits  in  mines  are,  as  a  rule,  more  dangerous  to  life  than  sim- 
ilar circuits  above  ground.  This  is  sometimes  due  to  the  lack  of  space, 
which  increases  the  liability  of  contact  with  the  wires,  but  mainly,  to  the 
damp  condition  of  most  mines.  In  order  to  receive  an  electric  shock  a 
man  must  place  his  body  between  two  conductors  of  different  electric 
pressures,  or  between  one  conductor  and  the  ground.  If  the  earth  be  dry, 
a  man  standing  on  the  ground  and  touching  the  wire  would  receive  a  lighter 
shock  than  if  he  stood  on  wet  ground  and  touched  the  same  circuit,  because 
dry  earth  is  a  poor  electrical  conductor,  while  wet  or  moist  earth  is  a  good 
conductor.  When  the  skin  is  dry  it  also  affords  protection  against  low 
voltages,  but  when  the  skin  is  wet  it  becomes  a  better  conductor  and  gives 
no  protection.  Hence,  wires  which  might  be  touched  with  safety  at  one 
place  where  the  ground  is  dry  may  be  highly  dangerous  at  a  near-by  place 
where  the  ground  is  moist.  It  is  not  safe,  therefore,  to  assume  that  because 
one  has  touched  a  circuit  before,  or  has  seen  some  one  else  touch  it  with- 
out injury,  that  it  is  safe  to  touch  it  again.  Men  have  frequently  been 
killed  by  coming  in  contact  with  a  circuit  that  they  have  often  handled 
without  harm,  because,  owing  to  different  conditions  of  the  ground,  or 
poorer  insulation  of  the  circuit,  or  to  a  different  manner  of  contact  with  the 
wire,  the  circuit  is  more  dangerous  at  some  times  and  in  some  places  than 
in  others.  Especial  care  should  be  taken  not  to  touch  wires  when  stand- 
ing on  an  iron  rail  or  in  water,  as  the  danger  is  usually  greatest  under  such 
conditions. 

All  power  wires  in  mines  of  whatever  voltage  should  be  regarded  as  dangerous 
and  avoided  whenever  possible.  Insulated  wires  should  be  avoided  as  care- 
fully as  bare  wires.  Under  the  conditions  that  exist  in  many  mines,  the 
insulating  coverings  of  wires  become  practically  worthless  as  a  protection 
from  electric  shock.  Defective  insulation  can  not  always  be  detected 
by  inspection,  even  by  an  expert  electrician,  and  an  insulation  that  appears 
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perfectly  good  to  the  eye  may  be  defective,  and,  if  touched,  a  severe,  or 
perhaps  a  fatal,  shock  may  result.  Even  lead-covered  cables  should  be 
avoided,  because  unless  the  lead  sheath  be  thoroughly  grounded,  which  is 
often  not  the  case,  a  shock  may  be  received. 

Special  attention  is  called  to  the  danger  of  carrying  metal  tools,  such  as 
drills,  picks y  sho7)els,  etc.,  in  roadways  in  which  there  are  live  electric  wires. 
It  is  difficult  to  carry  such  tools  in  the  limited  space  afforded  by  roadways 
without  permitting  them  to  come  in  contact  with  the  wires,  \\nien  a  per- 
son holds  such  a  tool  and  permits  it  to  touch  a  live  wire,  the  result  is  gen- 
erally much  more  dangerous  than  if  he  had  touched  the  wire  directly  with 
his  hand,  because  of  the  fact  that  if  he  has  a  firm  grip  on  the  tool  there  is 
a  better  contact  with  the  circuit.  A  large  proportion  of  the  deaths  due  to 
electric  shock  in  mines  result  from  carrying  tools  along  roadways  where 
there  are  exposed  wires.  The  practice  of  carrying  long  metal  tools  along 
such  roadways  should  therefore  be  avoided  whenever  possible,  and  when 
it  becomes  necessary  to  do  so,  the  greatest  care  should  be  taken  to  keep  the 
tools  clear  of  the  wires. 

Cans  of  powder  should  never  be  permitted  to  come  near  to  electric  wires 
of  any  kind.  The  slightest  contact  of  the  can  with  the  wires  may  often 
result  in  an  explosion. 

Very  low  voltage  wires  that  are  not  likely  to  inflict  severe  shocks  should, 
nevertheless,  be  regarded  as  dangerous.  If  the  two  wires  are  brought  together, 
or  if  a  piece  of  metal  be  connected  across  them,  it  forms  what  is  known  as 
a  short  circuit,  and  a  blinding  flash  follows.  This  may  often  be  so  severe 
as  to  seriously  injure  the  eyes  of  any  person  standing  near,  or  it  may  inflict 
severe  and  sometimes  fatal  burns.  Serious  damage  to  the  generating 
machinery  may  also  result  from  such  short  circuits.  Only  experienced 
electricians  should  undertake  to  handle  wires  or  operate  electrical  machinery. 

Fires  may  he  started  as  the  result  of  a  short  circuit,  and  explosions  of  gas 
or  coal  dust  may  start  in  that  way.  It  is  very  important,  therefore,  not  to 
break  an  electric  wire  so  that  it  may  fall  upon  another,  nor  to  touch  the 
wires  with  any  piece  of  metal,  even  when  they  carry  the  lowest  voltages 
used  in  mining  work. 

The  practice  of  playing  with  electric  wires  or  disturbing  them  in  any  way, 
or  of  playing  practical  jokes,  such  as  connecting  a  wire  from  an  electric 
circuit  to  a  doorknob,  or  to  a  tool  for  the  purpose  of  inflicting  a  shock  on  a 
fellow-workman,  is  a  dangerous  practice  and  should  never  be  indulged  in 
even  with  very  low  voltage  wires.  Cases  have  been  known  in  which  the 
victims  of  such  jokes  have  lost  their  lives  as  a  result  of  the  shock  thus 
inflicted.     Never  tamper  with  electric  circuits  or  apparatus  in  any  way. 

Never  try  to  remove  a  wire  that  is  found  lying  about  or  across  the  roadway 
or  working  places,  until  authorized  to  do  so  by  the  mine  electrician  or  some 
other  responsible  person.     It  may  be  alive  and  dangerous. 

Observance  of  the  simple  precautions  pointed  out  above  will  serve  to 
prevent  a  large  proportion  of  accidents  that  would  otherwise  occur. 

Electricity  is  a  very  useful  agent  in  mining  as  in  other  industries. 
Used  for  haulage,  coal  cutting,  lighting,  hoists,  signals,  and  other  purposes 
it  is  of  great  value,  and  decreases  the  discomforts  of  mining.  If  it  is  prop- 
erly used  and  the  machines  and  wires  are  avoided  by  those  not  authorized 
to  handle  them,  it  is  safe  and  a  benefit  to  the  miners. 
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V.  ELECTRICAL  MINING  LAWS  IN  EFFECT  IN  VARIOUS  STATES  AND 

FOREIGN  COUNTRIES 

Up  to  the  present  time  there  has  been  very  httle  legislation  in  America 
in  regard  to  the  use  of  electricity  in  mines.  A  few  States  have  recognized 
the  necessity  of  providing  some  sort  of  regulation,  and  have  provided  a 
few  rules  governing  certain  portions  of  the  electrical  equipment,  but  no  law 
that  covers  the  subject  in  anything  like  an  adequate  manner  is  in  effect  in 
any  State.  Ohio  has,  however,  made  considerable  progress  in  its  new  law 
which  has  just  gone  into  effect.  Recently  the  department  of  mines  in  sev- 
eral States,  notably  Pennsylvania  and  West  Virginia,  have  been  quite  active 
in  proposing  and  urging  legislation  with  a  view  to  regulating  the  use  of  elec- 
tricity in  mines,  but  there  has  been  a  lack  of  concerted  action  between  the 
different  States,  and  as  yet  little  legislation  has  actually  been  secured.  In  a 
number  of  foreign  countries,  on  the  other  hand,  a  great  deal  has  been  accom- 
plished in  this  direction,  and  comprehensive  laws  have  been  in  effect  for 
several  years. 

The  following  compilation  of  the  electrical  mining  laws  of  the  different 
States  that  have  done  anything  in  this  direction,  and  of  the  principal  foreign 
countries,  has  been  made  with  a  view  to  assisting  those  who  are  interested 
in  the  subject  of  regulating  the  use  of  electricity  in  mines,  especially  the 
departments  of  mines  and  the  legislattu-es  of  the  various  States. 

UNITED  STATES 
WEST  VIRGIinA 

There  has  been  no  law  passed  by  the  legislature  of  West  Virginia 
governing  the  use  of  electricity  in  mines,  but  the  department  of  mines  has 
prescribed  a  code  of  rules  which  apply  to  the  federal  mine  until  such  a 
time  as  the  legislature  may  provide  a  general  law.  The  department  of 
mines  has  also  prepared  a  code  of  rules  relating  to  mine  wiring,  which  it 
has  recommended  to  the  legislature  for  passage.  The  provisions  of  both 
of  these  codes  are  given  below: 

CHAPTER  I.— REGULATIONS  GOVERNING  THE  INTRODUCTION  OF 
ELECTRICITY  IN  THE  FEDERAL  MINE  PENDING  A  GENERAL  ACT 
OF  THE  LEGISLATURE  COVERING  THE  INTRODUCTION  OF  ELEC- 
TRICITY AND  ITS  USE  IN  COAL  MINES  IN  THE  STATE  OF  WEST 
VIRGINIA 

I.  Nothing  in  these  regulations  shall  be  construed  as  giving  the  sanction  of  the 
West  Virginia  mine  inspectors  to  the  use  of  any  apparatus  or  device  installed  here- 
under after  the  same  has  been  condemned  by  any  subsequent  act  of  the  legisla- 
lature,  and  all  rules  and  regulations  herein  mentioned  and  apparatus  installed  here- 
under are  to  apply  alone  to  the  installation  of  electricity  at  the  federal  mine  until 
such  time  as  a  general  act  of  the  West  Virginia  legislature  shall  definitely  prescribe 
regulations  covering  the  installation  and  use  of  electricity  in  coal  mines  and  at  which 
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time  the  Federal  Coal  &  Coke  Company  will  make  its  plant  installed  hereunder  con- 
form to  the  provisions  of  such  an  act. 

2.  The  current  used  inside  the  mine  will  be  low  tension  250  volt  direct  current. 

3.  All  electrical  apparatus  and  conductors  shall  be  sufficient  in  size  and  p>ower 
for  the  work  they  maybe  called  upon  to  do  and  so  installed,  worked,  and  maintained 
as  to  reduce  the  danger  through  accidental  shock  or  fire  to  the  minimum,  and  shall 
be  of  such  construction  and  so  worked  that  the  rise  in  temperature  caused  by  ordinary 
working  will  not  be  greater  than  demanded  by  fire  underwriters'  rules  governing  such 
installation  in  surface  structures. 

In  any  part  of  the  mine  where  safety  lamps  are  used  the  wiring  shall  be  so  hung 
and  the  insulators  so  constructed  that  there  will  be  no  danger  of  firing  gas  by  short 
circuiting,  sparking,  or  arcing  of  the  current. 

4.  The  insulation  of  every  complete  circuit  other  than  signal  or  telephone  wires 
used  for  the  supply  of  energy,  including  all  machinery,  apparatus,  and  devices  form- 
ing part  of  or  in  connection  with  such  circuit,  shall  be  so  maintained  that  the  leakage 
current  shall,  so  far  as  is  reasonably  practicable,  not  exceed  y^^y  of  the  maximum 
supply  current,  and  suitable  means  shall  be  provided  for  the  immediate  localization 
of  leakage. 

■  5.  In  every  completely  insulated  circuit,  earth  or  fault  detectors  shall  be  kept 
connected  up  in"  every  generating  and  transforming  station  to  show  immediately 
any  defect  in  the  insulation  of  the  system.  The  reading  of  these  instruments  shall 
be  recorded  daily  in  a  book  kept  at  the  generating  or  transforming  station  or  switch 
house. 

6.  Main  and  distribution  switch  and  fuse  boards  must  be  made  of  incombustible 
insulating  material,  such  as  marble  or  slate,  free  from  metallic  veins,  and  be  fixed  in 
as  dry  a  situation  as  practicable. 

7.  Every  subcircuit  must  be  protected  by  a  fuse  on  each  pole.  Every  circuit 
carrying  more  than  5  amperes  up  to  125  volts,  or  3  amperes  at  any  pressure  above 
125  volts,  must  be  protected  in  one  of  the  following  alternative  methods: 

(a)  By  an  automatic  maximum  cut-out  on  each  pole. 

(6)  By  a  detachable  fuse  on  each  pole,  constructed  in  such  a  manner  that  it  can 
be  removed  from  a  live  circuit  with  the  minimum  risk  of  shock, 
(c)  By  a  switch  and  fuse  on  each  ix)le. 

8.  Fire  buckets  filled  with  clean,  dry  sand  shall  be  kept  in  electrical  machine 
rooms,  ready  for  immediate  use  in  extinguishing  fires. 

No  repair  or  cleaning  of  the  live  parts  of  any  electrical  apparatus,  except  mere 
wiping  or  oiling,  shall  be  done  when  the  current  is  on. 

Gloves,  mats,  or  shoes  of  india  rubber  or  other  nonconducting  material  shall  be 
supplied  or  used  where  the  live  parts  of  switches  or  machines  working  at  a  pres- 
siu'e  exceeding  the  limits  of  the  low  pressure,  have  to  be  handled  for  the  purpose  of 
adjustment. 

9.  A  competent  person  shall  be  on  duty  at  the  mine  when  the  electrical  apparatus 
or  machinery  is  in  use;  and  at  such  time  as  the  amount  of  electricity  delivered  down 
the  mine  exceeds  200  brake  horsepower,  a  competent  person  shall  be  on  duty  at  the 
mine  above  ground  and  another  below  ground.  Every  person  appointed  to  work 
any  electrical  apparatus  shall  have  been  instructed  in  his  duty  and  be  competent 
for  the  work  that  he  is  set  to  do. 

10.  No  person  shall  wilfully  damage,  interfere  with,  or  without  proper  authority 
remove  or  render  useless  any  electric  line  or  any  machine,  apparatus,  or  part  thereof 
used  in  connection  with  the  supply  or  use  of  electricity. 

1 1 .  Instructions  shall  be  posted  up  in  every  generating,  transforming,  and  motor 
house  containing  directions  as  to  the  restoration  of  persons  suffering  from  electric 
shock. 

12.  Direct  telephonic  or  other  equivalent  means  of  communication  shall  be  pro- 
vided between  the  surface  and  the  pit  bottom  or  main  distributing  center  in  the  pit. 


Digitized  by 


Google 


Standardization  of  Electrical  Practice  in  Mines  45 

13.  Within  three  days  after  the  introduction  of  electricity  into  the  federal  mine, 
notice  in  writing  must  be  sent  to  the  chief  of  the  department  of  mines  of  the  State 
of  West  Virginia  that  the  plant  is  ready  for  inspection. 

14.  A  plan  shall  be  kept  at  the  mine  showing  the  positions  of  all  permanent  elec- 
trical machinery  and  cables  in  the  mine,  and  shall  be  corrected  as  often  as  may  be 
necessary  to  keep  it  up  to  a  date  not  more  than  three  months  previously. 

15.  There  shall  be  a  passageway  in  front  of  the  switchboard  of  not  less  than  3  feet 
in  width,  and  if  there  are  any  connections  at  the  back  of  the  switchboard,  any  pas- 
sageway at  the  back  of  the  switchboard  shall  not  be  less  than  3  feet  clear.  This  space 
shall  not  be  utilized  for  a  storeroom  or  a  lumber  room,  or  obstructed  in  any  way  by 
resistance  frames,  meters,  or  otherwise.  If  space  is  required  for  resistance  frames 
or  other  electrical  apparatus  behind  the  board,  the  passageway  must  be  widened 
accordingly. 

No  cable  shall  cross  the  passageway  at  the  back  of  the  board  except  below  the 
floor,  or  at  a  height  of  not  less  than  7  feet  above  the  floor. 

The  space  at  the  back  of  the  switchboard  shall  be  properly  floored,  accessible 
from  each  end,  and,  except  in  the  case  of  low  pressure  switchboards,  must  be  locked 
up,  but  the  lock  must  allow  of  the  door  being  opened  from  the  inside  without  the  use 
of  a  key.     The  floor  at  the  back  shall  be  incombustible,  firm,  and  even. 

16.  Every  generator  shall  be  provided  with  a  switch  on  each  |>ole  between  the 
generator  and  the  bus  bars. 

Where  continuous  current  generators  are  paralleled,  reverse  current  cut-outs 
shall  also  be  provided. 

Suitable  instruments  shall  be  provided  for  measuring  the  current  and  pressure 
of  each  generator. 

Every  feeder  circuit  shall  at  its  origin  be  provided  with  an  ammeter. 

17.  If  the  transmission  lines  from  the  generating  station  to  the  pit  are  overhead 
there  shall  be  lightning  arresters  in  connection  with  the  feeder  circuits. 

18.  Automatic  cut-outs  must  be  arranged  so  that  when  the  contact  lever  opens 
outward  no  danger  exists  of  striking  the  head  of  the  attendant.  If  unclosed  fuses 
are  used  they  must  be  placed  within  2  feet  of  the  floor,  or  be  otherwise  suitably  pro- 
tected. 

19.  No  person  other  than  an  authorized  person  shall  enter  a  machine  or  motor 
room,  or  interfere  with  the  working  of  any  machine,  motor,  or  apparatus  connected 
therewith. 

20.  All  conductors  (except  as  hereinafter  provided)  shall  in  every  case  be  main- 
tained completely  insulated  from  earth,  but  it  is  permissible  to  use  the  concentric 
system  with  unearthed  outer  conductor,  if  proper  arrangements  are  made  to  reduce 
the  danger  from  shock  or  fire  to  the  minimum,  but  it  is  not  intended  that  any  burden- 
some expense  shall  be  placed  upon  the  federal  mines  requiring  it  to  exercise  more  than 
a  reasonable  amount  of  care  in  the  present  installation  of  cables  pending  the  general 
act  of  the  legislature  heretofore  mentioned. 

2 1 .  The  exposed  ends  of  cables  where  they  enter  the  terminals  of  switches,  fuses, 
and  other  appliances,  must  as  far  as  is  reasonably  practicable  be  properly  protected 
and  finished  off,  and  encased  in  flame  proof  weather  proof  covering. 

22.  All  joints  must  be  mechanically  and  electrically  efficient,  and  preference 
given  to  soldered  joints  and  in  parts  of  the  mine  where  safety  lamps  are  used,  flame 
proof  joint  boxes  shall  be  installed  with  conductors  connected  by  metal  screw  clamps. 
In  making  soldered  joints  in  parts  of  the  mine  where  safety  lamps  are  used,  the  space 
shall  first  be  tested  for  the  presence  of  gas  by  the  fire  boss  and  the  dust  in  the  neigh- 
borhood dampened  by  water. 

23.  Overhead  bare  wires  on  the  surface  must  be  efficiently  supported  upon 
insulators,  and  clear  of  any  traffic,  and  provided  with  eflficient  lightning  arresters. 

24.  All  cables  used  in  shafts  must  be  highly  insulated  and  substantially  fixed. 
Shaft  cables,  not  capable  of  sustaining  their  own  weight,  shall  be  properly  supported 
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at  intervals  varying  according  to  the  weight  of  the  cables.  Where  the  cables  are  not 
completely  boxed  in  and  protected  from  falling  material,  space  shall  be  left  between 
them  and  the  side  of  the  shaft  that  they  may  yield,  and  so  lessen  a  blow  given  by 
falling  material. 

25.  When  feeder  cables  or  other  cables  than  trolley  wires  are  strung  in  haulage 
roads  and  can  not  be  kept  at  least  one  foot  from  the  mine  cars  in  transit,  they  shall 
be  specially  protected,  and  where  possible,  carried  down  other  parallel  entries.  At 
this  mine  the  trolley  wires  will  be  strung  u|)on  the  up>cast  air  courses  and  feeder  wires 
will  be  taken  in  the  downcast.  This  plan,  however,  can  be  reversed  at  the  option  of 
the  inspectors. 

26.  Trailing  cables  for  portable  machines  shall  be  specially  flexible,  heavily 
insulated  and  protected  with  armoring  of  steel  wire  or  extra  stout  braiding  or  other 
effective  covering.  These  cables  shall  be  examined  at  least  once  a  shift  by  the  person 
in  charge  of  the  machine,  and  defects  promptly  repaired. 

27.  Fuses  and  automatic  cut-outs  shall  be  so  constructed  as  eflTectually  to  inter- 
rupt the  current  when  a  short  circuit  occurs,  or  when  the  current  through  them  exceeds 
the  working  current  by  200  per  cent.  Fuses  shall  be  stamped  or  marked,  or  shall 
have  a  label  attached,  indicating  the  current  with  which  they  are  intended  to  be 
used,  or  where  fuse  wire  is  used  each  coil  in  use  shall  be  stamped  or  labeled.  Fuses 
shall  only  be  adjusted  or  replaced  by  an  authorized  person. 

28.  All  live  parts  of  switches,  fuses,  and  cut-outs  not  in  machine  rooms,  or  in 
compartments  specially  arranged  for  the  purpose  must  be  covered.  Tliese  covers 
must  be  of  incombustible  material,  and  must  be  either  nonconducting  or  of  rigid 
metal,  and,  as  far  as  practicable,  clear  of  all  internal  mechanism. 

29.  All  points  at  which  a  circuit  other  than  those  for  signals  has  to  be  made  or 
broken  shall  be  fitted  with  proper  switches,  and  should  this  occur  in  parts  of  the  mine 
where  safety  lamps  are  used,  said  switches  shall  be  inclosed  in  flame-tight  boxes. 

30.  All  motors,  together  with  their  starting  resistances,  where  used  in  any  part 
of  the  mine  in  which  safety  lamps  are  used,  shall  be  protected  by  switches  capable  of 
entirely  cutting  off  the  pressure  and  fixed  in  a  convenient  position  near  the  motor 
and  shall  be  inclosed  in  a  flame-tight  case,  and  where  unarmored  cables  or  wires  pass 
through  metal  frames  or  into  boxes  or  motor  casings,  the  holes  must  be  substantially 
bushed  with  insulating  bushes  which  shall  be  gas-tight  and  can  not  become  displaced. 
Terminal  boxes  must  be  securely  attached  to  the  machine  and  a  safety  lamp  shall  be 
provided  for  use  with  each  such  machine  when  working,  and  should  any  indication 
of  fire  damp  appear  on  the  flame  of  the  safety  lamp  the  person  in  charge  shall  imme- 
diately stop  the  machine,  cut  off  the  current  and  report  the  matter  to  an  underground 
official  of  the  mine. 

31.  The  current  for  electric  locomotives  shall  not  exceed  250  volts  and  the  rooms 
in  the  mine  shall  not  be  wired  for  the  electric  current  and  no  heading  shall  be  wired 
to  within  25  feet  of  the  heading  brattice.  The  locomotives  shall  be  in  all  cases  gas 
proof  as  to  motors,  controllers,  etc.,  and  in  all  parts  where  sparking  can  occur  except 
the  trolley  wheel  and  as  soon  as  a  sparkless  trolley  is  devised  or  other  suitable  device 
invented  that  will  psevent  sparking  at  the  trolley,  that  device  shall  be  at  once  installed 
in  this  mine.  The  gathering  locomotives  shall  be  equipped  with  double  cables. 
The  bare  trolley  wires  may  be  strung  and  insulated  in  the  best  manner  practiced  in 
other  mines  in  the  Fairmont  district  pending  the  general  act  of  the  legislature,  but 
nothing  in  this  clause  shall  permit  the  Federal  Coal  &  Coke  Co.  to  install  any  device 
in  a  manner  not  workmanlike  or  recognized  as  dangerous  by  the  recognized  standards 
now  in  force  for  wiring  in  coal  mines. 

32.  Arc  lights  shall  be  used  only  at  the  shaft  bottom  if  at  all,  and  vacuum  incan- 
descent lamps  at  all  other  places  in  the  mine.  Lighting  wires  shall  be  strung  as  care- 
fully in  the  mine  as  insurance  rules  demand  for  house  wiring  on  the  outside  and  where 
practicable  shall  be  kept  off  the  haulage  entries. 
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33.  There  shall  be  an  automatic  governor  switch  attached  to  the  fan  shaft  in 
such  a  manner  that  when  the  speed  of  the  fan  is  reduced  to  one-half  its  normal  number 
of  revolutions  the  electric  current  entering  the  mine  shall  be  automatically  cut  out  at 
the  switchboard. 

34.  At  all  times  the  current  of  air  shall  be  made  to  brush  each  working  place, 
and  not  less  than  two  hundred  (200)  cubic  feet  of  air  per  minute  shall  be  furnished 
for  each  person  employed  in  the  mine. 

35.  No  bare  electric  wire  shall  be  strung  or  conducted  through  or  in  close  prox- 
imity to  any  abandoned  or  worked  out  part  of  the  mine  which  is  not  efl&ciently  venti- 
lated. 

Approved  in  accordance  with  letter  of  this  date. 

(Signed.)  J.  W.  Paul. 

PiTT.SBURG,  Pa.,  September  9,  igo8. 

The  following  set  of  rules  in  regard  to  mine  wiring  has  been 
recommended  to  the  legislature  for  passage: 

GENERAL  RULES  FOR  MIlfB  WIRING 

1 .  All  power  circtiit  mine  wiring  must  be  done  with  approved  mine  type  insulators 
and  pine,  20  to  25  feet  apart  where  the  roof  is  low,  and  where  the  roof  is  sufficiently 
high  to  permit  it,  30  to  35  feet  apart. 

2.  One  wire  only  must  be  placed  on  an  instdator,  securely  tied  with  at  least  five 
turns  of  No.  4  copper  tie  wire  on  each  side  of  the  insulator. 

3.  Where  conditions  are  such  as  not  to  permit  the  hanging  of  wire  on  roof,  cross 
timbers  not  smaller  than  3  by  4  inches  must  be  used,  placing  them  so  as  to  bring 
all  insulators  as  near  as  possible  to  one  height. 

4.  The  cold  or  negative  wire  must  be  put  up  and  maintained  with  the  same  care 
as  the  positive,  and  in  no  instance  thrown  down  along  the  entry  or  placed  under- 
neath road  or  track.  All  wires,  when  erected,  must  be  put  up  with  care  and  pulled 
up  snug  and  taut,  so  as  to  remove  all  kinks  and  slack  and  not  allowed  to  touch  slate, 
coal,  or  timbers,  but  must  he  erected  and  maintained  at  a  safe  distance  therefrom 
and  not  less  than  10  inches  apart.  The  practice  of  wedging  insulators  between  wires 
or  between  wire  and  coal,  etc.,  will  not  be  permitted. 

5.  Butt  entries  must  be  wired  with  the  same  care  as  face  and  main  entries  and 
provided  with  two  S.  P.  switches  of  approved  design,  of  not  less  than  200  ampere    . 
capacity.     No  breakers  or  fuses  will  be  permitted  at  these  points. 

6.  Where  face  entry  wires  leave  main  line,  switches  must  also  be  used. 

7a.  Where  entries  advance  beyond  the  limit  of  the  machine  cable.  No.  4  copper 
wire  should  be  used  for  a  distance  of  about  600  feet,  or  the  length  of  a  longer  roll  of 
wire.  This  wire  is  to  be  replaced  with  wire  of  larger  size  as  soon  as  the  entry  has 
advanced  sufficiently  to  allow  the  use  of  a  complete  coil  without  it  being  cut. 

7b.  Under  no  conditions  are  live  coils  to  remain  hanging  at  head  of  entries  or 
at  the  ends  of  any  wires  and  a  No.  4  wire  must  not  be  employed  for  a  greater  distance 
than  800  feet,  but  must  be  replaced  promptly  with  wire  of  larger  size. 

8a.  No  rooms  or  working  places  are  to  be  wired. 

8b.  Entries  must  not  be  wired  beyond  the  last  break-through. 

8c.  Power  circuits  will  not  be  permitted  in  return  air-courses. 

8d.  The  amount  of  wire  in  mines  must  be  minimized  as  much  as  possible  and 
where  circuits  are  no  longer  necessary,  the  wire  must  be  disconnected  at  once  and 
removed  as  soon  as  possible. 

8e.  The  practice  of  leaving  wiring  remain  in  old  break-throughs,  crosscuts,  etc., 
must  be  discontinued  and  old  tie  wire,  broken  bonds,  scrap  wire,  old  cables,  and  coils 
of  wire  must  be  gathered  up  and  kept  in  an  orderly  manner  under  lock  and  key 
where  it  may  not  be  accessible  to  everyone.  All  scrap  wire,  etc.,  must  be  disposed 
of  promptly  and  not  allowed  to  accumulate  in  quantity. 
42398°— 10 4 
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9.  The  tenninal  ends  of  all  large  wires  must  be  securely  anchored  and  thoroughly 
insulated  with  a  turn-buckle  and  strain  insulator.  The  practice  of  dead  ending  on 
wood  cross  pieces  or  posts  without  the  use  of  an  insulator  will  not  be  permitted. 

ID.  Whenever  there  is  danger  of  the  wires  being  touched,  as,  for  example,  where 
it  crosses  an  entry,  the  roof  should  be  trenched  at  least  10  inches  deep  and  wire  securely 
placed  on  insulators.  The  trench  should  then  be  covered  by  i-inch  boards,  fastened 
to  wooden  pegs  driven  into  the  roof.  The  wires  must  not  touch  the  board,  but  must 
be  thoroughly  insulated  and  well  separated  from  it. 

11.  The  practice  of  using  jumpers  will  not  be  permitted. 

12.  All  wire  joints  2/0  or  larger  must  be  made  with  brass  sleeves  thoroughly 
and  neatly  soldered.  For  smaller  sizes  use  regular  Western  Union  joints  with  no 
less  than  six  turns  on  each  side,  and  thoroughly  solder. 

13a.  Where  wires  go  through  wooden  or  brick  brattice  work  or  other  partitions, 
they  must  be  thoroughly  protected  with  porcelain  tubes.  The  tubes,  if  in  wood 
partitions,  must  be  held  in  place  with  tape;  if  in  brickwork,  they  must  be  cemented 
so  that  they  can  not  be  moved. 

13b.  Where  partitions,  brattices,  etc.,  are  built  after  wires  have  been  erected, 
split  tubes  must  be  used  to  avoid  the  cutting  of  wires. 

14.  In  wiring  entries  where  grounded  circuit  is  used,  care  must  be  taken  that 
the  positive  or  hot  wire  is  always  placed  next  to  the  rib,  the  negative  or  cold  wire 
being  placed  10  inches  on  the  outside  of  the  hot  wire. 

15.  The  practice  of  hanging  wires  on  nails,  whether  wire  is  insulated  or  not, 
will  not  be  permitted  and  wood  cap  pieces,  etc.,  must  not  be  used  to  keep  wire  away 
from  the  ribs  under  any  circumstances. 

TROLLBT  WIRE  AND  BONDINO 

1.  Trolley  wire  may  be  suspended  inside  the  mine  on  hangers,  lag  screwed  to 
cross  timbers,  or,  where  roof  will  permit,  on  wooden  blocks  3  by  4  by  18  inches,  bolted 
to  roof. 

2.  All  new  trolley  will  be  of  the  standard  grooved  pattern;  care  must  be  taken 
that  no  kinks,  sharp  turns  or  dents  from  come-alongs  are  made  in  it. 

3a.  The  center  of  each  hanger  should  be  plumbed  7  inches  outside  the  outer  edge 
of  rail.  Hangers  should  be  placed  about  20  feet  apart  on  straight  entries  in  low  coal 
and  35  feet  apart  in  high  coal.  Considerable  latitude  will  have  to  be  allowed,  as  no 
specific  nile  can  be  made  for  distance  apart  of  hangers,  but  the  above  is  a  fair  average 
when  wire  is  erected  and  maintained  properly.  On  curves,  the  distance  should  be 
8  feet  to  ID  feet  apart  and  strain  of  wire  from  pulling  the  hanger  sidewise.  Use 
No.  6  steel  wire  to  guy  the  strain  ear  and  spherical  strain  insulator.  On  sharp  curves, 
curve  ears  can  be  of  great  assistance  in  holding  wire. 

3b.  Bam  hangers  are  provided  with  four  holes,  while  two  holes  diametrically 
opposite  are  sufficient.  Use  a  >^  by  2>^  inch  gimlet  point  lag  screw,  drilling  holes  for 
same  with  three-eighths  twist  bit.  Do  not  use  track  spikes  or  nails  for  fastening 
hanger  bodies  to  timbers. 

4.  Frogs  should  be  placed  10  feet  to  12  feet  back  from  point  of  latch  and  held  in 
horizontal  position  by  properly  placing  hangers  on  line  near  frogs.  Guys  of  No.  6 
galvanized  steel  wire  will  assist  materially  in  relieving  the  strain  on  frog  and  holding 
it  in  proper  position.     Insulate  g^y  at  frog  by  use  of  spherical  strain  insulator. 

4b.  Frogs  must  be  placed  at  each  point  where  branches  leave  main  trolley  and 
when  properly  placed  will  not  necessitate  the  holding  of  pole  when  passing  over  frog 
at  ordinary  speeds. 

5.  Automatic  trolley  switch  and  signal  lights  must  be  placed  at  all  partings 
where  mules  will  pass  under  the  trolley.  Automatic  switches  are  not  expected  to 
sustain  severe  strains  and  should  be  relieved  of  such  by  proper  disposition  of  strain 
ears  and  hangers. 
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6.  The  ends  of  trolley  wire  must  be  securely  anchored  and  thoroughly  insulated 
with  tum-buckle  and  strain  insulator.  ^  A  three-bolt  galvanized  clamp  should  be  used 
for  fastening  end  of  wire  when  wire  is  bent  back  on  itself  through  strain  insulator. 

7.  Care  must  be  taken  that  the  trolley  wire  clears  the  roof,  so  that  wheel  will  not 
touch  roof  at  any  time. 

8.  Where  feeders  are  necessary  they  must  be  erected  the  same  as  main  lines  and 
tapped  in  at  proper  intervals  by  means  of  feeder  cars.  The  practice  of  hooking  a 
jumper  around-  an  ordinary  hanger  must  not  be  allowed. 

9.  At  end  of  motor  road  where  machine  lines  ground  to  rail  or  at  points  where 
rail  circuit  returns  to  plant,  it  is  well  to  use  several  bonded  wires  leading  to  return 
and  to  bond  each  individual  wire  into  rail  in  more  than  one  hold;  also  provide  cross 
bond  at  this  point. 

loa.  Bond  both  sides  of  track,  using  nine-sixteenths  inch  channel  pins  and  No.  o 
soft  copper  wire  only. 

lob.  Be  careful  to  drill  holes  to  exact  size,  using  nothing  other  than  nine-six- 
teenths inch  twist  drills. 

IOC.  Bonds  must  be  placed  on  outside  of  rails  and  extended  at  least  3  inches 
beyond  fish  plates  and  cut  to  such  lengths  as  will  allow  removal  of  fish  plates  without 
disturbing  bond. 

lod.  Cross  bonds  every  fifth  rail,  making  bond  of  sufficient  length  that  it  may  be 
bent  down  below  top  of  ties  so  as  not  to  be  interfered  with. 

MIlfB  UGHTmO 

la.  Where  it  is  necessary  to  wire  partings,  slopes,  curves,  pump  houses,  etc.,  use 
receptacle  and  No.  12  triple  braid,  weatherproof  wire  and  No.  4  porcelain  knobs. 

lb.  No  rosettes,  snap  switches,  or  ordinary  sockets  can  be  used  in  interior  of 
mine. 

2.  No  switches  or  fuses  will  be  required.     Where  a  large  number  of  lights  are ' 
used  fuses  and  switches  can  be  used  to  advantage. 

3a.  The  practice  of  hooking  ends  of  light  wires  over  power  circuits  must  be  dis- 
continued and  connections  made  in  such  a  manner  that  vibration  of  line  will  not 
form  arcs,  burning  large  wire. 

3b.  Where  it  is  necessary  to  turn  lights  on  and  off  frequently  in  interior  of  mine, 
knife  switches  should  be  used. 

omo 

The  following  law  was  in  eflfect  in  Ohio  until  June  10,  1910: 

An  Act  to  protect  the  lives  of  persons  employed  in  the  mines  of  Ohio  against  the 
dangers  of  electricity  and  machinery  and  providing  penalties  for  violation. 
Be  it  enacted  by  the  General  Assembly  of  the  State  of  Ohio: 

Section  i.  That  after  three  months  from  the  passage  of  this  act,  in  all  mines  in    TniwIiHng  •!•»■ 
this  State  where  electricity  is  or  hereafter  shall  be  used  as  a  part  of  the  system,  power,  in*  wiwl'f^^^' 
or  means  of  mining  and  producing  the  coal  from  any  of  said  mines,  that  the  owner  ^SSmL 
or  operator  of  every  such  mine  shall  cause  all  wires  conducting  electricity  in  and  about 
said  mines  to  be  carefully  and  thoroughly  insulated  or  protected  in  a  safe  manner  as 
may  be  authorized  by  the  state  mine  inspector  or  his  deputy,  so  that  persons  or 
animals  coming  in  contact  therewith  will  not  be  injured  thereby.     Provided,  however, 
that  trolley  wires  or  other  wires  not  capable  of  insulation  shall  be  guarded  by  being 
placed  at  least  three  (3)  inches  deep  within  a  groove  or  in  such  other  manner  as  may 
be  authorized  by  the  state  mine  inspector  or  his  deputy,  whose  duty  it  shall  be,  upon 
the  written  request  of  any  mine  owner,  operator,  or  person  employed  in  such  mine,  to 
investigate  all  such  wires  that  may  be  incapable  of  insulation  and  determine  upon  any 
proper  method  of  guarding  said  wires  other  than  by  means  of  the  aforesaid  groove- 
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And  said  inspector  shall  thereupon  issue  a  certificate  to  the  owner  or  owners  of  said 
mine  setting  forth  the  method  to  be  employed  in  the  guarding  of  said  wires,  and  keep 
a  record  of  the  same;  thereupon,  within  thirty  (30)  days  from  date  of  the  certificate, 
it  shall  be  the  duty  of  the  mine  owner  or  operator  to  guard  such  noninsulated  wires 
in  the  manner  required  in  said  certificate. 
ShMd  tor  mln-  Sec.  2.  In  all  mines  where  mining  machines  are  used,  each  of  said  machines  shall 
be  equipped  and  provided  with  a  sufficient  shield  as  may  be  authorized  by  the  state 
mine  inspector  or  his  deputy,  for  the  protection  of  those  employed  in  or  about  the 
use  and  operation  thereof;  and  said  shield  shall  be  kept  in  use  constantly  while  said 
machine  is  under  op>eration. 
^90*^  Sec.  3.  Any  corporation  or  person  violating  the  provisions  of  section  one  of  this  act 

shall  be  fined  not  more  than  five  hundred  dollars  nor  less  than  one  hundred  dollars; 
and  for  the  violation  of  section  two  of  this  act  not  more  than  one  hundred  dollars. 

FrbBman  T.    EaglBSON, 
Speaker  of  the  House  of  Representatives. 

Jambs  M.  Williams, 


Passed  May  9,  1908. 
Approved  May  9,  1908. 


President  of  the  Senate. 


Andrbw  L.  Harris,  Governor. 


A  new  general  mining  law  recently  passed  by  the  Ohio  legislature, 
and  which  went  into  effect  June  10,  19 10,  contains  the  following  provisions 
in  regard  to  the  use  of  electricity: 

Sec.  947.  The  owner,  lessee,  or  agent  of  a  mine  in  which  electricity  is  used  as  a 
means  of  power,  shall  observe  the  following  in  the  application  thereof: 

All  trolley  wires  shall  be  carried  at  least  6  inches  outside  of  and  parallel  with  the 
track  rail  on  the  side  the  trolley  wire  is  located.  When  regular  height  is  less  than 
6  feet  6  inches  from  top  of  rail,  the  lower  side  of  trolley  wire  must  not  exceed  6 
inches  from  the  roof  or  cross  timber  with  hangers  now  in  use,  with  hangers  not  to 
exceed  25  feet  between  centers,  and  the  tension  sufficient  to  keep  all  wires  from 
sagging  and  to  prevent  trolley  wheel  from  coming  in  contact  with  roof  or  cross 
timbers.  All  new  hangers  hereafter  installed  shall  not  exceed  5  inches  in  depth  from 
lower  side  of  the  trolley  wire  to  the  roof  or  cross  timbers. 

All  trolley  and  positive  feed  wires  crossing  places  where  persons  or  animals  are 
required  to  travel,  shall  be  safely  guarded  or  protected  from  such  persons  or  animals 
coming  in  contact  therewith. 

All  trolley  and  positive  feed  wires  shall  be  placed  on  opposite  side  of  track  from 
refuge  holes  or  necks  of  rooms. 

No  trolley  wire  shall  be  extended  into  or  maintained  in  any  room  while  being 
used  as  a  working  place;  no  trolley  or  feed  wire  shall  be  extended  into  any  entry 
beyond  the  outside  corner  of  the  last  break-through. 

Switches  or  circuit  breakers  shall  be  provided  to  control  the  current  at  the  mine, 
and  at  all  important  points  in  the  mine. 

All  machine  feed  wires  shall  be  placed  as  near  the  rib  and  roof  or  cross  timbers  as 
practicable;  the  positive  wire  to  be  carried  not  to  exceed  3  inches  from  the  rib  and 
roof  or  cross  timbers,  measured  at  the  insulators,  which  shall  be  so  placed  as  to  keep 
the  wire  at  least  6  inches  outside  of  the  track  rail  on  the  side  the  wire  is  located. 
Insulators  shall  be  placed  not  exceeding  50  feet  apart,  and  all  wires  shall  be  carried 
so  that  same  will  be  not  less  than  6  inches  outside  of  the  track  rail  at  any  point  on  the 
side  the  wire  is  located.  All  positive  wires  shall  be  carried  on  glass  or  porcelain 
insulators,  or  insulators  equally  efficient.  All  negative  wires  shall  be  carried  on 
suitable  fixtures,  and  when  carried  in  same  entry  as  the  positive  wire,  shall  be  carried 
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on  the  same  side  of  the  entry  as  the  positive  wire,  and  as  close  to  it  as  practicable. 
When  machine  or  feed  wires  are  carried  in  same  entry  as  trolley  wire,  they  shall  be 
placed  on  the  same  side  as  the  trolley  wire,  between  trolley  wire  and  rib.  Nothing 
in  the  foregoing  shall  require  negative  wires  being  carried  in  same  entry  with  positive 
wire. 

When  necessary  to  carry  wires  down  shafts  or  slopes  used  as  traveling  ways,  the 
wires  must  be  thoroughly  cased  or  protected,  so  that  persons  can  not  be  shocked 
therefrom. 

Positive  machine  feed  wires,  when  extended  into  rooms,  shall  be  placed  not 
nearer  than  4  feet  of  the  track,  where  the  room  is  of  sufficient  width,  and  the  same 
shall  only  be  connected  to  the  positive  wire  or  wires  on  the  entry  while  in  actual  use. 
The  material  used  for  making  such  connection  shall  be  of  sufficient  length  to  reach 
across  the  entry,  and  when  same  is  disconnected,  it  shall  be  kept  with  the  machine 
operating  at  such  point  or  working  place.  No  electric  wires  shall  be  extended  into 
any  room  unless  a  150-foot  cable  will  not  reach  the  face  of  the  room,  and  then  not 
beyond  the  outside  comer  of  the  last  break-through. 

All  terminal  ends  of  positive  wires  shall  be  guarded  so  as  to  prevent  persons 
inadvertently  coming  in  contact  therewith. 

The  bonded  track,  the  negative  wires  and  metallic  pipe  lines,  when  coming  near 
each  other,  may  be  connected  together  at  intervals  not  exceeding  500  feet,  and  any 
track  used  as  the  return  or  earth  system  shall  be  properly  bonded.  In  no  case  shall 
a  pipe  line,  or  any  part  thereof,  be  used  exclusively  as  the  return,  and  when  connected 
to  the  earth  system,  the  negative  wire  or  bonded  track  shall  be  of  ample  capacity, 
exclusive  of  the  pipe  line,  to  carry  the  current. 

The  trolley  wire  shall  be  carried  upon  hangers  or  other  fixtures  which  will  prop- 
erly insulate  it  from  contact  with  the  roof  or  other  substances,  and  so  the  trolley 
wheel  can  trail  without  the  necessity  of  being  constantly  attended  for  that  purpose, 
and  no  trolley  shall  be  run  on  any  wire  not  so  carried.  No  locomotive  shall  be  oper- 
ated by  means  of  a  person  holding  and  sliding  upon  or  frequently  making  contact 
with  the  positive  wire  with  any  device  attached  to  the  cable  as  a  substitute  for  a 
trolley,  but  these  provisions  shall  not  prohibit  the  operation  of  a  locomotive  by 
means  of  a  cable  without  the  use  of  the  trolley,  provided  the  cable  be  connected  to 
and  disconnected  from  the  positive  wire  when  the  locomotive  is  not  in  motion.  Means 
shall  be  provided  by  which  machine  runners  may  readily  carry  the  machine  cable 
from  the  machine  to  the  feed  wires  on  one  side  of  the  entry,  either  under  or  over  the 
track  rails,  in  the  entry  where  such  wires  are  located,  and  so  the  cable  will  not  come 
in  contact  with  such  track  rails,  thereby  reducing  the  danger  of  shock  to  persons  or 
animals  required  to  travel  such  entry  to  the  minimum. 

Sec.  948.  The  owner,  lessee,  or  agent  of  a  mine  at  which  electricity  with  a  pressure 
or  potential  of  more  than  325  volts,  or  alternating  current,  is  used  shall,  in  addition 
to  the  provisions  of  the  preceding  section,  observe  the  following: 

At  each  mine  equipped  with  electric  power  after  the  passage  and  approval  of  this 
act,  the  current  used  to  operate  gathering  locomotives,  mining  machines,  shearing 
machines,  drills,  and  other  machinery  used  in  or  about  the  working  places  of  the 
mine,  shall  not  exceed  in  pressure  or  potential  325  volts,  direct  current,  as  shown 
at  the  nearest  switchboard,  and  the  wires  conducting  the  power  from  the  nearest 
switchboard  shall  not  carry  a  higher  pressure  or  potential. 

At  each  mine  equipped  with  electric  power  after  the  passage  and  approval  of  this 
act  no  alternating  current  shall  be  used  under  ground  to  operate  any  machinery 
other  than  that  necessary  to  convert  the  alternating  current  to  direct  current,  and 
no  wires  carrying  alternating  current  shall  be  used  under  ground  except  same  be 
carried  in  an  entry  or  passageway  where  persons  and  animals  are  not  permitted  to 
travel. 
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At  each  mine  equipped  with  electric  power  after  the  passage  and  approval  of  this 
act,  when  the  current  used  to  operate  haulage  locomotives,  pumps,  and  other  machin- 
ery not  located  in  or  about  the  working  places  of  the  mine  is  of  a  pressure  or  potential 
in  excess  of  325  volts,  direct  current,  the  entry  or  passageway  where  such  wires  are 
carried  shall  not  be  designated  or  permitted  to  be  used  as  the  principal  traveling 
way,  and  when  designated  or  used  as  the  escapement  way,  the  wires  shall  be  pro- 
,tected  so  that  persons  required  to  travel  near  same  in  emergencies  will  not  inad- 
vertently come  in  contact  therewith.  No  pressure  in  excess  of  650  volts  at  the 
switchboard  shall  be  used  under  ground. 

At  each  mine  equipped  with  electric  power  prior  to  the  passage  and  approval  of 
this  act,  where  the  pressure  or  potential  is  in  excess  of  325  volts,  direct  current,  or 
where  alternating  current  is  used,  and  the  conditions  surrounding  the  use  of  same 
are  such,  in  the  opinion  of  the  chief  inspector  of  mines,  that  the  provisions  of  the 
preceding  section  do  not  provide  the  required  protection  from  shock  to  persons 
employed  therein,  such  additional  safeguards  shall  be  employed  as  may  be  required 
by  the  chief  inspector  of  mines  and  the  district  inspector  of  mines,  jointly. 

IDAHO 

The  mining  laws  of  Idaho  make  but  brief  reference  to  electricity.  The 
two  following  clauses  are  the  only  ones  that  have  any  bearing  on  this  subject: 

Every  working  adit  or  cross-cut  tunnel  entrance,  where  wooden  buildings  exist 
at  or  near  the  portal  of  same,  shall  be  provided  with  a  fire  door  not  less  than  50  feet 
in  from  the  earth  portal  of  the  tunnel.  This  door  shall  be  hung  and  so  adjusted  that 
upon  being  released  it  will  close  of  its  own  accord,  either  by  its  own  weight  when  hung 
from  the  top  of  the  tunnel  or  by  means  of  suspended  weights  when  hung  from  the 
side.  The  door  shall  be  held  open  by  a  rope  passing  over  a  pulley,  terminating  out- 
side of  any  of  the  buildings  at  the  mouth  of  the  tunnel,  and  shall  be  so  fitted  that  when 
closed  it  will  cut  off  the  circulation  of  air  as  completely  as  possible.  Where  electric 
haulage  is  used  in  said  adit  or  cross-cut  tunnel,  a  door  consisting  of  two  doors  hung 
from  the  sides  and  closing  tightly  can  be  used. 

Electric  power  cables,  where  used  under  ground,  shall  be  thoroughly  insulated; 
and  where  electric  haulage  is  used  underground,  the  trolley  wires  must  be  protected 
by  inverted  U-shaped  guards,  placed  along  the  trolley  wires,  opposite  any  hand- 
loading  chutes. 

MONTANA 

In  the  Montana  laws  it  is  provided  that  if  electricity  is  used  for  shot 
firing  the  voltage  must  not  exceed  250  volts.  It  is  also  required  that  if  tele- 
phone systems  are  used  they  must  be  inspected  daily;  and  where  electric 
bells  are  used  a  simple  code  of  signals  is  prescribed. 

MISSOURI 

The  Missouri  mining  laws  contain  the  following  provision: 

Electric  blasting  in  shafts. — At  all  mines  where  10  or  more  men  are  employed  on 
any  shift,  all  holes  in  the  shaft  must  be  fired  by  an  electric  battery  placed  above 
ground,  and  in  no  case  shall  caps  and  fuse,  or  any  other  method  than  electric  blast- 
ing, be  employed  for  exploding  holes  in  shaft. 

KANSAS 
The  only  law  relating  to  electricity  in  mines  in  Kansas  is  the  following: 

No  powder  shall  be  delivered  by  hauling  the  same  in  any  car  hauled  by  an 
electric  motor  unless  the  car  in  which  the  powder  is  hauled  for  delivery  is  thoroughly 
insulated. 
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PENNSYLVANIA 

The  following  code  of  rules  has  been  prepared  by  the  state  department 
of  mines  of  Pennsylvania.  It  was  presented  to  the  state  legislature  in  1909 
for  passage,  but  failed  of  enactment. 

ARTICLE  IX.— SPECIAL  RULES  FOR  THE  INSTALLATION  AND  USE  OF 

ELECTRICITY 

The  following  rules  shall  be  observed,  as  far  as  "is  reasonably  practicable,  in  the 
mines: 

Definitions 

The  expression  "pressure"  means  the  difference  of  electrical  potential  between 
any  two  conductors  through  which  a  supply  of  energy  is  given,  or  between  any  part 
of  either  conductor  and  earth,  as  read  by  a  volt-meter,  and, 

(a)  Where  the  conditions  of  the  system  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used  can  not  exceed  two  htmdred  and  fifty  volts,  this  shall  be 
deemed  a  low-pressure  system. 

(6)  Where  the  conditions  of  the  system  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  two  hundred  and  fifty  volts,  but  can  not  exceed 
five  hundred  and  fifty  volts,  this  shall  be  deemed  a  medium  pressure  system. 

(c)  Where  the  conditions  of  the  system  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  five  hundred  and  fifty  volts,  this  shall  be  deemed  a 
high-pressure  system. 

The  expression  "the  minimum"  signifies  the  least  reasonably  possible  to  be 
attained  by  the  proper  use  of  the  means  from  time  to  time  known  and  available,  so  as 
to  secure  safety  with  efficiency. 

Sbction  I 

Rule  J, — All  electrical  apparatus  and  conductors  shall  be  sufficient  in  size  and 
capacity  for  the  work  they  may  be  called  upon  to  do,  and  so  installed,  worked,  main- 
tained, and  safeguarded,  as  to  reduce  the  danger  from  accidental  shock  or  fire  or 
over  heating  to  the  minimum,  and  shall  be  of  such  construction,  and  so  worked,  that 
the  rise  in  temperature  caused  by  ordinary  working  will  not  injure  the  insulating 
materials. 

In  any  mine,  or  any  part  of  a  mine  where  safety  lamps  are  used,  the  covering  of 
motors  or  cables  shall  be  so  constructed  that  there  is  no  danger  of  firing  gas  by 
sparking  or  flashing  which  may  occur  during  the  normal  or  abnormal  working  of  the 
apparatus. 

All  metallic  coverings  or  armoring  of  cables,  and  the  frames  and  bedplates  of  gen- 
erators, transformers,  and  motors,  other  than  portable  motors,  shall  be  efficiently 
grounded  if  the  pressure  at  the  terminals  where  the  electricity  is  used  exceeds  the  limits 
of  low  pressure. 

Rule  2. — Where  a  medium  pressure  system  is  used  for  power  purposes,  or  for  arc  or 
incandescent  lamps,  the  conductors  which  form  the  connection  to  the  motors,  trans- 
formers, or  lamps,  or  are  otherwise  used  in  connection  with  the  system,  shall  be  com- 
pletely inclosed  in  strong  armoring  or  metal  casing,  or  they  shall  be  fixed  at  such  a 
distance  apart,  or  in  such  a  manner,  that  danger  from  fire  or  shock  shall  be  reduced  to 
the  minimum.  This  rule  shall  not  apply  to  trailing  cables,  which  are  dealt  with  under 
rules  27  to  32. 

RtUe  3. — Motors  of  coal -cut  ting  and  other  portable  machines,  shall  not  be  used  at 
a  pressure  higher  than  a  medium  pressure. 
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Rule  4. — A  higher  pressure  than  a  medium  pressure  shall  not  be  used  under  ground, 
except  for  transmission  or  for  application  to  transformers  or  other  apparatus  in  which 
the  whole  of  the  high  pressure  circuit  is  stationary. 

All  high  pressure  machines,  apparatus,  and  lines,  shall  be  so  marked  by  the  use  of 
the  word  "Danger"  at  frequent  intervals,  or  by  red  paint  properly  renewed  when 
necessary,  or  in  some  other  conspicuous  manner,  as  to  indicate  clearly  that  they  are 
high  pressure  and  dangerous. 

For  work  under  ground,  when  furnished  with  current  at  a  pressure  higher  than 
medium  pressure,  a  transformer  shall  not  be  of  less  normal  rating  than  5  kilowatts, 
nor  shall  a  motor  be  of  less  normal  rating  than  20  brake  horsepower. 

Rule  5. — In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used,  a  higher 
pressure  than  a  medium  pressure  shall  not  be  transmitted  beyond  the  last  cut-through 
of  the  intake  entries,  and  all  motors,  transformers,  and  other  apparatus  connected 
with  such  high  pressure  system,  must  be  placed  in  suitable  chambers  ventilated  by 
intake  air. 

Rule  6. — In  every  completely  insulated  circuit  ground  detectors  shall  be  kept  con- 
nected in  every  generating  station  to  show  immediately  any  defect  in  the  insulation 
of  the  system.  These  instruments  shall  be  inspected  daily  by  a  competent  person  or 
an  automatic  recording  instrument  shall  be  used. 

Rule  7. — Main  and  distribution  switch  and  fuse  board  in  the  mines  shall  be  made  of 
incombustible,  insulating  material,  such  as  marble,  or  slate  free  from  metallic  veins, 
and  be  fixed  in  as  dry  a  situation  as  practicable. 

Rule  8. — No  repairing  of  the  live  parts  of  any  electrical  apparatus,  except  cleaning 
or  oiling,  shall  be  done  when  the  current  is  on. 

Where  the  live  parts  of  switches,  or  machines  working  at  a  pressure  exceeding  the 
limits  of  low  pressure,  may  have  to  be  handled  for  the  purpose  of  adjustment,  or  for 
such  wiping  or  oiling,  insulating  gloves,  or  mats  of  india  rubber  or  other  suitable 
material,  shall  be  supplied  by  the  operator  and  shall  be  used  by  the  attendants. 

Rule  9. — At  every  gaseous  mine  where  electricity  is  used  below  ground  for  power, 
there  shall  be  employed  a  competent  mine  electrician  who  shall  be  subject  to  the 
authority  of  the  mine  foreman  and  superintendent,  and  shall  have  full  charge  of  all 
electrical  machinery  and  apparatus  in  the  mine.  The  mine  electrician,  or  an  as^t- 
ant  mine  electrician,  shall  be  on  duty  at  the  mine  when  the  electrical  apparatus  or 
machinery  in  use  for  the  production  of  coal  requires  more  than  25  horsepower. 

After  the  expiration  of  twelve  months  from  the  passage  of  this  act  no  p>erson  shall 
be  allowed  to  act  as  a  mine  electrician,  or  as  an  assistant  mine  electrician,  in  a  gase6us 
mine  unless  he  shall  be  the  holder  of  a  certificate  of  competency  issued  by  the  depart- 
ment of  mines. 

Every  person  appointed  to  operate  any  electrical  apparatus  in  a  mine  shall  have 
been  instructed  in  his  duty  by  the  electrician  or  mine  foreman. 

Rule  JO. — Fire  buckets  filled  with  clean  dry  sand  shall  be  kept  in  the  mines  where 
stationary  electrical  apparatus  is  located  ready  for  immediate  use. 

Rule  II. — Instructions  shall  be  posted  at  the  mine  entrance  and  in  every  generating, 
transforming,  and  motor  house  for  the  resuscitation  of  persons  suffering  from  electric 
shock.  All  employees  working  in  connection  with  the  electrical  apparatus  shall  be 
required  to  acquaint  themselves  with  these  instructions. 

Rule  12. — A  plan  on  a  scale  not  smaller  than  200  feet  to  the  inch  shall  be  kept 
at  the  mine  showing  the  position  of  all  permanent  electrical  machinery  and  fixed 
cables  or  conductors  in  the  mine,  and  shall  be  corrected  as  often  as  may  be  necessary 
to  keep  it  as  nearly  as  practicable  up  to  date,  and  never  more  than  three  months  in 
arrears.  Such  plan  shall,  so  far  as  is  consistent  with  this  rule,  be  subject  to  the  same 
conditions  as  are  provided  by  article  one  of  this  act  in  relation  to  the  plan  therein 
mentioned. 
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Rule  13. — Every  personal  accident  occurring  in  connection  with  the  operation  of 
electrical  equipment  shall  be  promptly  reported  by  the  person  injured,  or  by  some 
other  person  on  his  behalf,  to  the  mine  foreman,  and  shall  be  recorded  by  him  at  the 
office  of  the  mine. 

Rule  14. — In  the  event  of  a  breakdown  of,  or  damage  or  injury  to,  any  portion  of 
the  electrical  equipment  in  a  gaseous  mine,  or  of  overheating,  or  of  the  appearance  of 
sparks  or  arcs  outside  of  inclosing  casings,  or  in  the  event  of  any  portion  of  the  equip- 
ment (not  being  a  proper  part  of  the  electrical  circuit)  becoming  alive,  every  such 
occurrence  shall  be  promptly  reported  to  the  mine  foreman. 

Section  II. — Generating  stations  and  machine  rooms 

Rule  15. — Where  the  generating  station  under  the  control  of  the  owner  or  super- 
intendent of  the  mine  is  not  within  500  feet  of  the  mine  entrance,  a  switch  box  or 
boxes,  efficiently  inclosed  and  locked,  or  a  locked  switch  house,  shall  be  provided 
near  the  mine  entrance  for  cutting  off  the  supply  of  electricity  to  the  mine. 

Rule  16. — All  terminals  and  live  metal  on  machines  over  medium  pressure  above 
the  ground,  and  over  low  pressure  under  ground,  shall,  where  practicable,  be  pro- 
tected with  insulating  covers,  or  with  metal  covers  connected  to  earth. 

Rule  17. — If  the  transmission  lines  from  the  generating  station  to  the  mine  are 
overhead,  and  exceed  500  feet  in  length,  there  shall  be  lightning  arresters  in  connec- 
tion therewith  at  the  mine  entrance. 

Section  III. — Cables 

Rule  18. — All  high  pressure  wires  used  inside  of  the  mines  shall  be  in  the  form  of 
insulated,  lead-covered  or  armored  conductors,  subject  to  insulation  tests,  and  with 
carrying  capacity  according  to  the  rules  of  the  American  Institute  of  Electrical 
Engineers. 

Except  in  gaseous  mines,  all  medium  or  low  pressure  conductors  may  be  bare  or 
with  high  class  insulation.  If  bare  wire  is  used  all  feed  wires  must  be  shielded  and 
properly  protected  at  all  points  where  there  is  danger  of  men  or  animals  coming  into 
contact  with  them.  In  gaseous  mines  no  bare  conductors  shall  be  used  in  rooms,  or 
in  room  entries,  or  beyond  the  last  cut-through  in  other  intake  entries. 

Rule  ig. — The  size  of  the  conductor  (except  in  the  case  of  overhead  wires  upon 
the  surface)  shall  be  determined  in  accordance  with  the  table  showing  maximum 
current  for  copper  conductors  as  designated  by  table  prepared  by  the  American 
Institute  of  Electrical  Engineers. 

Rule  20. — One  side  of  all  grounded  circuits  must  be  efficiently  insulated  from 
earth. 

Where  lead-covered  or  armored  cable  is  used  the  lead  or  armor  shall  be  earthed 
and  shall  be  electrically  continuous  throughout. 

Rule  21, — ^The  exposed  ends  of  cables  where  they  enter  the  terminals  of  switches, 
fuses,  and  other  appliances,  shall  be  properly  protected  and  finished  off  so  that 
moisture  can  not  creep  along  the  insulating  material  within  the  waterproof  sheath,  or 
insulating  material,  if  of  an  oily  nature,  leak  out  of  the  cable. 

Rule  22. — All  joints  must  be  mechanically  and  electrically  efficient  and,  where 
practicable,  must  be  suitably  soldered. 

Rule  23. — Overhead  bare  wires  on  the  surface  shall  be  properly  secured  to 
insulators,  and  clear  of  any  traffic,  and  provided  with  lightning  arresters. 

Rule  24. — In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used,  the 
main  cables  shall  be  taken  into  the  mine  by  way  only  of  an  intake  airway. 

Rule  2$. — All  cables  used  in  shafts  must  be  highly  insulated  and  substantially 
fixed.  Shaft  cables  not  capable  of  sustaining  their  own  weight  shall  be  properly 
supported  at  intervals  varying  according  to  the  weight  of  the  cable.     Where  the 
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cables  are  not  completely  boxed  in  and  protected  from  falling  material  space  shall  be 
left  between  them  and  the  side  of  the  shaft  that  they  may  yield  and  thus  lessen  a 
blow  given  by  falling  material. 

Rule  26. — Where  the  cables  in  main  haulage  roads  where  persons  are  hauled 
into  or  out  of  the  mines  can  not  be  kept  at  least  one  foot  from  any  part  of  the  car  they 
shall  be  specially  protected. 

Cables  and  wires,  unless  provided  with  metallic  coverings,  shall  not  be  fixed  to 
walls  or  timbers  by  means  of  uninsulated  fastenings. 

Cables  under  ground,  when  suspended,  shall  be  supported  flexibly  in  such  a 
manner  as  to  allow  of  their  readily  breaking  away  when  struck  before  the  cables 
themselves  can  be  seriously  damaged. 

Where  main  or  other  roads  are  being  repaired  or  blasting  is  being  done  temporary 
protection  must  be  used  so  that  the  cables  are  protected  from  damage. 

Rule  27. — Trailing  cables  for  portable  machines  shall  be  specially  flexible,  heavily 
insulated,  and  protected  with  extra  stout  braiding,  hose  pipes,  or  other  equally  effective 
covering. 

Rule  28. — The  joints,  if  any,  made  in  trailing  cables,  shall  be  soldered.  Clamps 
of  any  kind  must  not  be  used  for  this  purpose. 

Rule  2g. — The  two  cables  of  the  twin  trailing  cable  shall  be  divided  at  the  motor, 
and  only  for  such  a  length  as  is  necessary  for  the  making  of  connection  to  the  motor, 
and  the  twin  cable,  with  its  outer  covering  complete,  shall  be  securely  held  by  a 
suitable  clamp  on  the  motor  frame  in  such  a  manner  as  to  protect  the  trailing  cable 
from  injury,  and  to  prevent  any  mechanical  strain  being  borne  by  the  single  ends 
making  electrical  connection  with  the  motor. 

Rule  30. — In  the  event  of  the  trailing  cable  in  service  breaking  down  or  being 
damaged  in  any  way,  or  of  its  inflicting  a  shock  upon  any  person,  it  shall  be  at  once 
put  out  of  service  and  another  cable  shall  be  substituted  therefor.  The  faulty  cable 
shall  not  be  used  again  until  it  has  been  repaired  and  tested  by  the  mine  electrician. 

Rule  31. — In  gaseous  mines  each  trailing  cable  in  use  shall  be  examined  daily  by 
the  machine  boss  for  abrasions  and  other  defects. 

The  machine  man  shall  also  be  required  to  observe  carefully  the  trailing  cable 
while  in  use  in  order  to  detect  defects,  and  in  the  event  of  any  defect  becoming 
apparent  notice  of  the  same  shall  at  once  be  sent  to  the  mine  electrician  or  the  assist- 
ant mine  electrician. 

Rule  32. — The  trailing  cable  shall  be  kept  disconnected  from  the  machine  while 
it  is  being  loaded  on  to,  or  unloaded  from,  the  truck,  unless  the  construction  of  the 
machine  is  such  that  the  electric  power  is  necessary  for  its  unloading  or  reloading. 
Sections  twenty-seven,  twenty-eight,  twenty-nine,  thirty,  thirty-one,  and  thirty-two 
do  not  apply  to  electric  gathering  locomotives. 

Section  IV. — Fuses,  circuit  breaker s,  and  switches 

^^^  33' — Fuses  and  automatic  circuit  breakers  shall  be  so  constructed  as  to 
open  the  circuit  when  the  current  through  them  exceeds  by  100  per  cent  the  working 
current  in  the  case  of  motors,  or  the  permissible  current  of  the  cables  which  these 
devices  protect.  Fuses  shall  be  stamped  or  marked,  or  shall  have  a  label  attached, 
indicating  the  current  at  which  they  are  intended  to  fuse,  or  where  fuse  wire  is  used 
each  coil  in  use  shall  be  so  stamped  and  labeled.  Fuses  shall  only  be  adjusted  or 
replaced  by  a  competent  person  authorized  by  the  mine  foreman,  except  in  case 
of  coal-cutting  machines  and  electric  locomotives,  when  the  machine  runners  and 
motormen  shall  be  permitted  to  adjust  or  replace  them. 

Rule  34. — All  switches,  circuit  breakers,  and  fuses  must  have  incombustible 
bases  of  marble,  slate,  or  porcelain,  or  other  suitable  incombustible  insulating 
material. 


Digitized  by 


Google 


Standardization  of  Electrical  Practice  in  Mines  57 

Rule  J5. — All  points  at  which  a  circuit  (other  than  those  for  signals  or  portable 
motors)  has  to  be  made  or  broken  shall  be  fitted  with  proper  switches.  In  any 
mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used  the  use  of  hooks  or  other 
makeshifts  is  prohibited,  and  switches,  circuit  breakers,  and  fuses  (except  as  pro- 
vided for  in  rule  41  hereafter)  shall  not  be  of  the  open  type,  but  must  either  be 
inclosed  in  gas-tight  boxes  or  break  under  oil. 

Section  V. — Motors 

Rule  36. — Every  stationary  underground  motor,  together  with  its  starting 
resistance,  shall  be  protected  by  a  fuse  or  circuit-breaking  device  in  accordance  with 
rule  34,  and  by  switches  capable  of  entirely  cutting  off  the  pressure.  The  switches 
shall  be  fixed  in  a  convenient  position  near  the  motor  and  every  stationary  motor  of 
100  brake  horsepower  or  over  underground  shall  be  provided  with  a  suitable  ammeter 
to  indicate  the  load  on  the  machine. 

In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used  all  mining 
machines,  with  their  cables,  shall  be  protected  against  overloads  or  excessive  currents 
by  a  completely  inclosed  and  flame-proof  fuse. 

Rule  37. — Where  unarmored  cables  or  wires  pass  through  metal  frames,  or 
into  boxes  or  motor  casings,  the  holes  shall  be  substantially  bushed  with  insulating 
collars  and,  where  necessary,  with  gas-tight  bushings  which  can  not  readily  become 
displaced. 

Rule  38. — ^Thc  terminal  of  connections,  or  cables  for  portable  motors,  shall  be 
securely  attached  to  the  machine. 

Rule  39. — Where  the  insulation  of  a  motor  is  found  to  become  damp  during  a 
stoppage,  suitable  steps  shall  be  taken  to  insure  that  the  insulation  shall  be  dry 
before  the  working  of  the  motor  is  resumed. 

Rule  40. — In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used,  all 
motors,  unless  placed  in  such  rooms  as  are  separately  ventilated  with  intake  air, 
shall  have  all  their  current-carrying  parts,  also  their  switches,  starters,  terminals, 
and  connections  completely  inclosed  in  such  a  manner  as  to  prevent  the  escape  of 
sparks  or  flame  into  the  gaseous  atmosphere,  the  inclosures  to  be  made  of  incom- 
bustible material  and  of  sufficient  strength  to  escape  damage  in  the  event  of  an 
explosion  of  fire  damp  occurring  in  the  motor,  and  such  inclosures  shall  not  be 
opened  except  by  an  authorized  person,  and  then  only  when  the  current  is  switched 
off.    The  pressure  shall  not  be  switched  off  while  the  inclosures  are  open. 

Rule  41. — In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used,  a 
safety  lamp  or  other  suitable  apparatus  for  the  detection  of  explosive  gas  shall  be 
provided  for  the  use  of  the  attendant  of  stationary  electrical  apparatus,  and  should 
any  indication  of  explosive  gas  appear  on  the  flame  of  the  safety  lamp  or  other  appa- 
ratus used  the  person  in  charge  shall  immediately  stop  the  machine,  cut  off  the  cur- 
rent at  the  nearest  switch  and  report  the  matter  to  the  mine  foreman. 

Rule  42. — The  mine  foreman  shall  not  place  a  man  in  charge  of  a  coal-cutting 
machine  in  a  gaseous  mine  who  is  not  a  competent  person  capable  of  determining 
the  safety  of  the  roof  and  sides  and  detecting  the  presence  of  explosive  gas. 

Rule  43. — In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used, 
before  a  coal-cutting  machine  is  brought  within  20  yards  of  the  working  face,  the 
machine  man  shall  make  an  inspection  for  gas  in  the  place  where  the  machine  is  to 
work  unless  such  an  examination  is  then  made  by  some  other  competent  person 
authorized  or  appointed  for  that  purpose  by  the  mine  foreman.  If  any  explosive 
gas  is  found  in  the  place,  the  machine  shall  not  enter  therein. 

No  coal-cutting  machine  shall  be  continued  in  operation  for  a  longer  period 
than  half  an  hour  without  an  examination  as  above  described  being  made  for  gas, 
and  if  gas  is  found  the  current  shall  at  once  be  switched  off  the  machine  and  the 
trailing  cable  shall  forthwith  be  disconnected  from  the  feed  wire. 
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The  person  finding  the  gas  shall  at  once  erect  a  danger  signal  to  warn  persons 
against  entering  the  place.     The  trailing  cable  shall  be  removed  from  such  place. 

This  cable  shall  not  be  brought  back  nor  shall  the  machine  be  again  started  in 
such  place  until  the  fire  boss,  or  a  person  duly  authorized  by  the  mine  foreman,  has 
examined  it  and  has  pronounced  it  free  from  gas  and  has  removed  the  danger  board. 

The  person  finding  gas  shall  forthwith  report  the  same  to  the  mine  foreman, 
and  at  the  end  of  the  shift  he  shall  make  and  sign  a  written  report  in  a  book  kept 
at  the  mine  for  the  purpose. 

Rule  44. — In  order  that  the  roof  may  be  carefully  examined,  a  coal-cutter  motor 
shall  not  be  kept  continuously  at  work  for  a  length  of  time  exceeding  half  an  hour. 

Rule  45. — The  person  in  charge  of  a  coal  cutting  or  drilling  machine  shall  not 
leave  the  machine  while  it  is  working,  and  shall,  before  leaving  the  working  place, 
see  that  the  pressure  is  ofif  from  the  trailing  cables.  No  repairs  shall  be  made  to 
any  portable  machine  until  the  pressure  has  been  cut  off. 

Rule  46. — In  gaseous  mines,  if  any  sparks  or  arcs  appear  outside  the  casing  of 
a  coal-cutting  or  other  portable  motor,  or  about  the  cables  or  rails,  the  machine  shall 
be  stopped  and  shall  not  be  worked  again  until  the  defect  has  been  repaired,  and 
the  occurrence  shall  be  reported  to  the  mine  foreman  or  to  the  assistant  mine  foreman. 

Rule  47. — All  inclosed  motors  used  underground  shall  be  opened  and  inspected 
by  the  mine  electrician  or  his  assistant  at  least  once  a  week  and,  where  necessary, 
shall  then  be  cleaned  and  repaired.  Inclosed  switches  shall  be  opened  and  inspected 
at  least  once  every  month. 

SSCTION  VI. — Electric  locomotives 

Rule  48. — Electrical  haulage  by  locomotives  on  the  trolley  wire  system  shall  not 
be  allowed  in  that  part  of  a  mine  where  locked  safety  lamps  are  used. 

Rule  49. — In  underground  roads  the  trolley  wire  shall  be  sufficiently  guarded, 
or  the  pressiu'e  must  be  cut  o£f  from  the  wires  at  all  times  when  such  roads  are  used 
for  traveling  on  foot.  The  hours  during  which  traveling  on  foot  therein  is  permitted 
shall  be  clearly  indicated  by  notices  and  signals  placed  in  conspicuous  positions  at 
the  ends  of,  and  at  all  entrances  into,  the  roads.  At  other  times  no  one  except  a  duly 
authorized  person  shall  be  permitted  to  travel  on  foot  along  such  roads. 

Rule  $0. — On  underground  roads  the  trolley  wires  shall  be  placed  as  close  to  the 
side,  and  as  near  in  a  straight  line,  as  practicable,  and  securely  supported  at  frequent 
intervals.  On  any  part  of  the  trolley  system  where  it  is  necessary  for  men  to  cross 
under  the  trolley  it  shall  be  so  guarded  that  the  possiblity  of  contact  will  be  reduced 
to  a  minimum,  and  lights  shall  be  placed  at  all  such  crossings. 

At  all  landings,  turn-outs,  or  partings,  and  such  other  places  as  men  are  required  to 
work  near  or  pass  under  the  wire,  a  suitable  protection  shall  be  placed.  This  protection 
may  consist  of  channeling  the  roof,  placing  boards  along  the  wire  which  shall  extend 
3  inches  below,  or  the  use  of  other  approved  devices  that  afford  protection,  or 
the  wire  may  be  placed  6  feet  above  the  top  of  the  rail.  All  branch  trolley  lines 
shall  be  fitted  with  an  automatic  trolley  switch,  or  section  insulator  and  line  switch, 
or  some  other  device  that  will  allow  the  current  to  be  shut  ofif  from  such  branch  head- 
ings. Lights  shall  be  placed  along  the  branch  headings  to  indicate  when  the  power 
is  on. 

Rule  51. — It  is  recommended  that  where  air  or  water  pipes  parallel  the  grounded 
return  of  power  circuits,  the  return  be  securely  bonded  at  frequent  intervals  to  such 
pipes  to  eliminate  the  possibility  of  a  difference  of  potential  between  rails  and  pipes, 
and  to  prevent  electrolysis  of  the  pipes.  The  rail  return  shall  be  of  sufficient  capacity 
for  the  current  used  independent  of  the  capacity  of  the  pipes. 

Rule  $2. — If  storage  battery  locomotives  are  employed  in  any  mine  or  port  of  a 
mine  where  safety  lamps  are  used,  the  rule  applying  to  motors  in  such  places  shall  also 
be  deemed  to  apply  to  the  boxes  containing  the  cells. 
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Section  \ll,— Electric  lighting 

Rule  S3. — Arc  lamps  used  underground  shall  be  so  guarded  as  to  prevent  pieces 
of  heated  carbon  falling  from  them,  and  they  shall  not  be  used  in  situations  where 
there  is  likely  to  be  danger  from  the  presence  of  coal  dust.  They  shall  be  so  screened 
as  to  prevent  risk  of  contact  with  persons. 

Rule  S4' — Small  wires  for  lighting  circuits  shall  either  be  conveyed  in  pipes  or 
casings,  or  they  may  be  suspended  from  porcelain  insulators,  or  securely  tied  to  them 
so  that  they  do  not  touch  any  timbering,  coal,  or  metal.  On  no  account  shall  staples 
be  used.  If  metallic  pipes  are  used,  they  must  be  electrically  continuous  and  grounded. 
If  separate  uncased  wires  are  used,  they  shall  be  kept  at  least  3  inches  apart  and 
not  brought  together  except  at  lamps,  or  switches,  or  fittings. 

Rule  S3' — In  any  mine  or  any  port  of  a  mine  where  safety  lamps  are  used,  electric 
lamps,  if  installed,  must  be  of  the  vacuum,  or  inclosed  type,  and  they  shall  be  pro- 
tected by  gas-tight  fittings  of  strong  glass,  and  shall  have  no  flexible  cord  connections. 
Electric  lamps  shall  be  replaced  by  a  competent  person  only. 

Rule  36. — In  gaseous  mines,  in  all  machine  rooms,  and  other  places  under 
ground  where  a  failure  of  electric  light  is  likely  to  cause  danger,  some  safety  lamps, 
or  other  proper  lights,  not  fewer  than  a  number  to  be  prescribed  for  such  place  by 
the  inspector,  shall  be  kept  for  use  in  the  event  of  such  failure. 

Section  Vlll.— Shot  firing 

Rule  $7. — Electricity  from  lighting  or  power  cables  shall  not  be  used  for  firing 
shots. 

Rule  s8. — When  shot-firing  cables  or  wires  are  used  in  the  vicinity  of  power  or 
lighting  cables  sufficient  precautions  shall  be  taken  to  prevent  the  shot-firing  cables 
or  wires  from  coming  into  contact  with  the  lighting  or  power  cables. 

Rule  sg. — In  gaseous  mines  only  competent  persons  who  have  been  properly 
instructed  in  the  work,  and  duly  authorized  in  writing,  shall  be  allowed  to  fire  shots 
electrically  in  any  part  of  a  mine. 

Rule  60. — ^The  exploder  fuses  and  wires  shall  be  suitable  for  the  conditions  under 
which  the  blasting  is  carried  out  and  shall  be  of  an  approved  type. 

Rule  61. — High  tension  magneto-generators  shall  be  inclosed  in  flame-tight 
cases  when  employed  in  any  mine  or  any  part  of  a  mine  where  safety  lamps  are  used. 

Rule  62. — A  primary  or  secondary  battery,  when  used  for  shot  firing,  shall  be 
inclosed  in  a  suitably  constructed  box  fitted  with  a  removable  connecting  plug  or 
key  without  which  the  circuit  can  not  be  closed.  This  plug  or  key  shall  be  detached 
when  not  required  for  firing,  and  shall  not  under  any  conditions  pass  from  the  per- 
sonal custody  of  the  shot  firer  while  on  duty.  Such  batteries  shall  be  frequently 
tested  by  the  shot  firer  to  insure  that  they  give  the  necessary  pressure  and  current. 

Rule  63. — The  exploder  shall  be  in  the  charge  of  the  shot  firer  and  shall  be  fitted 
with  a  handle  or  key  which  shall  be  detached  when  not  required  for  firing,  and  shall 
not  under  any  conditions  pass  from  the  personal  custody  of  the  shot  firer  while  on 
duty. 

Rule  64. — ^The  exploder  shall  not  be  connected  to  the  shot -firing  cable  until  all 
other  steps  preparatory  to  the  firing  of  the  shot  have  been  completed  and  all  persons 
have  removed  to  a  position  of  safety. 

Immediately  after  the  firing  of  the  shot  the  firing  cable  shall  be  disconnected 
from  the  exploder,  and  no  person  shall  approach  a  shot  that  has  been  attempted  to 
be  fired  by  electricity  and  has  failed  to  explode  until  the  firing  cable  has  been  so  dis- 
connected, and  an  interval  of  five  minutes  has  elapsed  since  the  last  attempt  to  fire 
the  shot. 

The  foregoing  rules  shall  not  apply  to  apparatus  used  for  telephone,  telegraph, 
and  signal  purposes,  which  are  provided  for  by  the  three  following  rules. 
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Section  IX. — Signaling 

Ride  65. — All  proper  precautions  must  be  taken  to  prevent  electric  signal  and 
telephone  wires  from  coming  into  contact  with  other  electric  conductors,  whether 
insulated  or  not. 

Rule  66. — Bells,  wires,  insulators,  contact-makers,  and  other  apparatus  used  in 
connection  with  electric  signals  underground  shall  be  of  substantial  and  reliable 
description  and  shall  be  erected  in  such  a  manner  as  to  reduce  the  liability  to  failures 
or  false  signals  to  the  minimum. 

Rule  67. — In  any  mine,  or  any  part  of  a  mine,  where  safety  lamps  are  used,  the 
pressure  employed  for  signaling  purposes  shall  not  in  any  one  circuit  exceed  50 
volts  in  an  intake  air  way,  or  50  volts  elsewhere,  and  bare  wires  shall  not  be  used 
for  such  purposes  except  in  haulage  roads. 

Section  X. — Electric  relighting  of  safety  lamps 

Rule  68. — If  in  any  mine,  or  part  of  a  mine,  in  which  safety  lamps  are  used,  they 
are  relighted  underground  by  electricity,  the  mine  foreman  shall  select  a  suitable 
station  or  stations  not  being  in  the  return  airway  and  where  there  is  not  likely  to  be 
any  accumulation  of  inflammable  gas,  and  no  electric  relighting  apparatus  shall  be 
used  in  any  other  place.  All  electric  relighting  apparatus  shall  be  securely  locked 
and  shall  not  be  available  for  use  except  by  persons  authorized  by  the  mine  foreman 
to  relight  safety  lamps,  and  such  persons  shall  examine  all  safety  lamps  brought  for 
relighting  before  they  are  reissued. 

No  other  States  have  any  laws  relating  to  the  use  of  electricity  in  mmes. 

FOREIGN  COUNTRIES 

GREAT  BRITAIN 

In  1902  a  committee  was  appointed  by  the  British  Home  OflSce  to  inves- 
tigate the  use  of  electricity  in  mines,  and  this  committee  made  its  report  in 
1904,  in  which  the  following  set  of  rules  was  recommended. 

RULES  FOR  THE  INSTALLATION  AND   USE  OF  ELECTRICITY  IN  MINES 

Definitions. 

The  expression  "pressure"  means  the  difference  of  electrical  potential  between 
any  two  conductors  through  which  a  supply  of  energy  is  given,  or  between  any  |>art 
of  either  conductor  and  earth  as  read  by  a  hot-wire  or  electrostatic  voltmeter,  and 

Lowprennre  (a)  Where  the  conditions  of  the  supply  are  such  that  the  pressure  at  the  terminals 

where  the  electricity  is  used  can  not  exceed  250  volts,  the  supply  shall  be  deemed  a 
low  pressure  supply. 

Medhtm  prei-  {b)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 
•""  where  the  electricity  is  used,  between  any  two  conductors,  or  between  one  conductor 

and  earth,  may  at  any  time  exceed  250  volts,  but  can  not  exceed  650  volts,  the 
supply  shall  be  deemed  a  medium  pressure  supply. 

High  praitare  (c)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 

where  the  electricity  is  used,  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  650  volts,  but  can  not  exceed  3,000  volts,  the 
supply  shall  be  deemed  a  high  pressure  supply. 

Bxtf  high  {d)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used,  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  3,000  volts,  the  supply  shall  be  deemed  an  extra 
high  pressure  supply. 
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Section  I. — General 

1.  The  whole  of  the  machinery,  material,  and  workmanship  in  connection  with  ^jlJJ^  •'  ^' 
the  supply  and  use  of  electricity  shall  be  the  best  of  its  respective  class,  and  sufficient 

in  size  and  power  for  the  work  it  may  be  called  upon  to  do. 

2.  All  electric  machinery  shall  be  installed  as  far  as  is  practicable  in  dry,  well-  InjWtatlon  oi 
lighted,  and  well-ventilated  places. 

3.  All  electrical  apparatus  shall  be  so  worked  that  the  rise  in  temperature  will  Amuttoa  to 
not  mjure  its  msulatmg  materials.  due  heating 

4.  All  live  metal  work,  such  as  commutators,  slip  rings,  resistances,  switches,  Pw*****"!  of 
starters,  cut-outs,  shall  be  substantially  made  and  effectively  covered  or  guarded  so  complete  inclos* 
as  to  avoid  danger  through  accidental  shock  or  risk  of  fire.  In  any  place  or  part  of  a  SS  toTSble^to*be 
mine  to  which  general  rule  No.  8  of  the  coal  mines  regulation  act,  1887,  applies,  thepr^^n*;  eorfiing 
covering  shall  be  constructed  so  that  there  is  no  danger  of  firing  gas  by  any  sparking  inci 

or  flashing  which  may  occur  during  the  normal  or  abnormal  working  of  the  apparatus. 
All  metallic  coverings  shall  as  far  as  practicable  be  effectively  earthed  where  the 
pressure  exceeds  the  limits  of  low  pressure. 

5.  The  pressure  of  a  supply  delivered  to  the  motor  or  other  terminals  shall  not    ^^^*?*"*2j,^ 
exceed  the  limits  of  a  low  pressure  supply,  unless  the  following  conditions  are  com-  prosrarei 
plied  with: 

(o)  Where  a  medium  pressure  supply  is  used  for  power  purposes  or  for  arc 
lamps  in  series: 

(i)  The  frame  of  every  electric  motor  or  transformer  shall  be  efficiently  connected 
with  earth. 

(2)  The  wires  or  conductors  forming  the  connections  to  the  motors,  transformers, 
arc  lamps,  or  otherwise  in  connection  with  the  supply  shall  be,  as  far  as  practicable, 
completely  inclosed  in  strong  armoring  or  metal  casing  efficiently  connected  with 
earth,  or  they  shall  be  fixed  at  such  a  distance  apart  or  in  such  a  manner  that  there 
shall  be  no  danger  from  fire  or  shock. 

(3)  The  supply  to  every  motor,  transformer,  or  arc  lamp  shall  be  controlled  by 
an  efficient  switch,  placed  in  such  a  position  as  to  be  easily  handled  by  the  person  in 
charge  of  the  motor  transformer,  or  arc  lamp,  and  connected  so  that  by  its  means  all 
pressure  can  be  cut  off  from  the  motor,  transformer,  or  lamp  itself,  and  from  any 
regulating  switch,  resistance,  or  other  device  in  connection  therewith. 

(4)  Switches,  efficient  fuses,  or  automatic  cut-outs  shall  also  be  provided,  so  as 
to  protect  the  circuits  from  excess  of  current,  and  these  switches,  fuses,  and  cut-outs 
shall  be  so  inclosed  and  protected  that  there  shall  be  no  dangef  of  any  shock  being 
obtained  in  the  ordinary  handling  thereof  or  of  any  fire  being  caused  by  their  normal 
or  abnormal  action. 

(b)  Where  a  medium  pressure  supply  is  used  for  incandescent  lamps  in  series: 
(i)  The  wires  or  conductors  forming  connections  to  the  incandescent  lamps,  or 
otherwise  in  connection  with  the  supply,  shall  be  completely  inclosed  in  strong 
armoring  or  metal  casing,  and  this  armoring  or  casing,  together  with  the  switches 
and  lamp  holders  (if  metallic),  shall  be  efficiently  connected  with  earth. 

(2)  Switches,  efficient  fuses,  or  automatic  cut-outs  shall  also  be  provided,  so  as 
to  protect  the  circuits  from  excess  of  current,  and  these  switches,  fuses,  and  cut-outs 
shall  be  so  inclosed  and  protected  that  there  shall  be  no  danger  of  any  shock  being 
obtained  in  the  ordinary  handling  thereof  or  of  any  fire  being  caused  by  their  normal 
or  abnormal  action. 

6.  No  higher  pressure  than  a  medium  pressure  supply  shall  be  taken  beyond  the  ProWbltlon  of 
•  •  1^.1  pressure  exceed* 
in-bye  ends  of  the  mam  air  ways.  ing  medium  t>e- 

yond    the    main 
airway 

7.  No  higher  pressure  than  a  medium  pressure  supply  shall  be  used  other  than  for  ^^^^^MjJ^J  ■jj 
transmission  or  for  motors,  and  then  the  following  conditions  shall  be  complied  with: extra  high  prea- 

(i)  No  motor  or  transformer  shall  be  of  less  normal  rating  than  75  b.  h.  p. 
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(2)  The  frame  of  every  electric  motor  or  transformer  shall  be  efficiently  connected 
with  earth. 

(3)  The  wires  or  conductors  other  than  overhead  lines  above  ground  forming 
the  connections  to  the  motors  or  transformers  or  otherwise  in  connection  with  the 
supply  shall  be  completely  inclosed  in  a  strong  armoring  or  metal  casing  efficiently 
connected  with  earth. 

^4)  The  machines,  apparatus,  and  lines  shall  be  so  marked  as  to  clearly  indicate 
that  they  are  high  pressure,  either  by  the  use  of  the  word  "Danger"  at  frequent 
intervals  or  by  vermilion  paint  properly  renewed  when  necessary. 

^5)  The  motors,  machinery  coupled  thereto,  and  transformers  shall  be  fixed  in 
proper  rooms  or  inclosures  set  apart  solely  for  the  purpose,  and  a  notice  shall  be 
fixed  in  a  conspicuous  position  at  the  door  of  every  such  room  forbidding  unauthor- 
ized persons  to  enter. 
Teit  to  detect         8.  Every  fixed  electric  line  shall  be  tested  for  insulation  after  having  been  placed 
«"l{nitwllfltVn"'" *"  position  and  before  it  is  used  for  the  purpose  of  supply,  the  testing  pressure  being 
at  least  200  volts.     The  results  of  such  tests  of  each  line  or  section  of  line  shall  be  duly 
recorded. 
Inetibitloii     o !         9.  The  insulation  of  every  complete  circuit  used  for  the  supply  of  energy,  includ- 
ing all  machinery,  apparatus,  and  devices  forming  part  of  or  in  connection  with  such 
circuit,  shall  be  so  maintained  that  the  leakage  current  shall  not  under  any  con- 
ditions exceed  1- 10,000th  of  the  maximum  supply  current,  and  suitable  means  shall 
be  provided  for  the  immediate  localization  of  leakage. 
Special  test  for  10.  A  high- pressure  circuit  shall  not  be  brought  into  use  unless  the  insulation 

dium      pressure  of  every  part  thereof  has  withstood  a  continuous  application  during  half  an  hour 
before  use  ^f  ^  pressure  exceeding  the  maximum  pressure  to  which  it  is  intended  to  be  subjected 

in  use — that  is  to  say,  in  the  case  of  every  electric  line  a  pressure  twice  the  said  maxi- 
mum pressure,  and  in  the  case  of  every  machine  device  or  apparatus  a  pressure  50  per 
cent  greater  than  the  said  maximum  pressure.     The  results  of  such  tests  shall  be  duly 
recorded. 
of?in^enenitrc  11.  Earth  or  fault  detectors  shall  be  kept  connected  up  in  every  generating 

and  transforming  and  transforming  station  to  show  immediately  any  defect  in  the  insulation  of  the 
system.     The  readings  of  these  instruments  shall  be  recorded  at  least  twice  daily  in 
a  book  kept  at  the  generating  or  transforming  station  or  switch  house,  and  immediate 
steps  shall  be  taken  to  rectify  any  defects, 
and  anansinmrat  '^*  ^^^°  ^"^  distribution  switch  and  fuse  boards  must  be  made  of  incombustible 

of  nudn  and  dls-  insulating  material,  such  as  marble  or  slate  free  from  metallic  veins,  and  be  fixed  in  as 
and  fuse  boards   ^^V  ^  situation  as  practicable,  and  be  so  placed  that  a  fire  thereon  can  not  spread  to 
combustible  material. 

Live  metal  must  be  fixed  at  such  a  distance  from  all  metal  not  at  the  same 
potential,  or  be  so  separated  by  insulating  partitions,  that  an  arc  can  not  be  formed 
between  the  metal  surfaces. 

All  circuits,  switches,  and  instruments  shall  be  clearly  labeled  for  identification. 
^/**'* **<!** *bf  ^^'  Conductors  must  radiate  from  distributing  centers  and  in  large  systems  from 

centers  those  centers  to  subcenters.     At  these  centers  suitable  switchboards  shall  be  fixed, 

by  which  the  pressure  can  be  cut  off  from  any  circuit. 

Bundiinf     of  14.  No  conductor  shall  be  bunched  in  the  same  duct,  pipe,  or  groove  with  one 

conductors 

at  another  pressure  of  supply  unless  they  are  each  separately  protected  by  a  strong 

continuous  metallic  sheathing  efficiently  earthed. 
Provision      of  15.  Every  circuit  carrying   not   more   than   3   amperes  must  be  protected  on 

cttt-out*or  fuse**  ^^^^  po^^  ^X  ^  ^"^'     Every  circuit  carrying  more  than  3  amperes  must  be  con- 
trolled by  a  switch  on  each  pole  and  cut  out  or  fuse  on  each  pole.     The  switch  shall 
be  on  the  live  side  of  the  fuse. 
ax^^° ventilation  '^'  ^^  portion  of  the  internal  surface  of  any  room  in  which  electrical  machinery 

of  machine  rooms  is  installed  shall  be  formed  of  substances  easily  ignited,  and  the  use  of  inflammable 
materials  in  such  rooms  shall  be  reduced  to  the  minimum.  Such  rooms  when  under- 
ground shall  where  possible  be  ventilated  by  intake  air. 
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17.  Fire  buckets,  filled  with  clean  dry  sand,  shall  be  kept  in  electrical  machine  Flreextliifutoh- 
rooms  ready  for  immediate  use  in  extinguishing  fires.  wmu     "*^*'*"* 

18.  No  repair  or  cleaning  of  any  electrical  apparatus  except  mere  wiping  or  be^'cwSed"  ©5 

oiling  shall  be  done  when  the  current  is  on.  when   current  it 

on 

19.  Gloves  and  mats  of  india  rubber  or  other  nonconducting  material  shall  beg]^^  mmPSS 

supplied  and  used  where  the  live  parts  of  switches  or  machines  working  at  a  pressure  <*ttrint      adlurt- 

exceeding  the  limits  of  low  pressure  have  to  be  handled  for  the  purpose  of  adjustment,  of    ■wttctaes    0  r 

machlnei 

20.  The  manager  shall  appoint  a  competent  person  or  persons  to  inspect  daily  ton^SlK^ciiSy 
all  electrical  machinery  and  apparatus,  who  shall  make  a  true  report  in  writing  of  ioapwHoa 

the  result  of  such  examination  before  leaving  the  mine. 

21.  A  competent  person  shall  be  on  duty  at  the  mine  when  the  electrical  appara-  ^^^"^*^'*^' 
tus  or  machinery  is  in  use;  and  at  such  time  as  the  amount  of  electricity  delivered  duty 

down  the  mine  exceeds  200  brake  horsepower,  a  competent  person  shall  be  on  duty  at 
the  mine  above  ground  and  another  below  ground. 

22.  No  person  shall  be  allowed  to  work  any  electrically  driven  apparatus  unless  ^'"iljiS^n 
he  has  been  previously  instructed  in  his  duty  and  has  been  duly  authorized  by  the  of  machine  at- 
manager  or  under-manager.  endama 

23.  All  persons  engaged  in  or  about  the  mine  shall  at  once  report  to  the  manage-  -^fto'^manaa*" 
ment  anything  unusual  observed  in  the  working  of  the  plant.  ment  of  abnonnal 

worldng  of  plant 

24.  No  person  shall  wilfully  damage,  interfere  with,  or  without  proper  authority  ujSjSJrtSSpi- 
rcmove  or  render  useless  any  electric  line  or  any  machine,  apparatus,  or  part  thereof,  aona  interfering 
used  in  connection  with  the  supply  or  use  of  electricity.  ^ 

25.  Instructions  shall  be  posted  up  in  every  generating  and  motor  house  co^-^^^^jjj  •'  *"" 
taining  directions  as  to  the  restoration  of  persons  suffering  from  electric  shock.  treatment  of  per- 


from  electric 
ahock 

26.  Direct  telephonic  communication  shall  be  provided —  telephonic    oom- 
(o)  Between  the  generating  station  and  the  pit  bottom  or  main  distributing  °>°°te«tien 

center  in  the  pit. 

(6)  Between  the  generating  station  and  the  pit  head. 

(c)  Between  the  pit  head  and  the  pit  l)ottom  or  main  distributing  center  in 
the  pit. 

27.  Before  any  electric  installation  is  erected  at  any  mine  notice  in  writing  must  |n?^2d  neiMn- 
be  sent  to  H.  M.  inspector  of  mines  for  the  district.     Notice  must  also  be  sent  of  any  atallatlona  Co  be 
existing  electric  installation  at  any  mine  within  three  months  after  the  coming  into  *™^"" 
force  of  these  rules. 

28.  A  plan  shall  be  kept  at  the  mine  showing  the  position  of  all  electrical  machin-  in2aiuiticm'ir*be 
ery,  apparatus,  and  lines  at  or  in  the  mine,  and  shall  be  corrected  as  often  as  may  be  kept 
necessary  to  keep  it  up  to  a  date  not  more  than  three  months  previously. 

29.  If  fixed  storage  batteries  are  used  underground  they  must  be  placed  in  well-  le^*"****  batter- 
ventilated  rooms  or  inclosures. 

Section  II. — Generating  stations  and  machine  rooms 

I.  Generating  sets  shall  be  spaced  so  that  there  is  ample  passage  all  round  them,    Generating aeta 
not  less  than  4  feet  between  separate  sets  or  less  than  3  feet  between  any  set  and 
the  wall. 

For  installations  of  over  200  brake  horsepower  an  inclosure  in  which  the  electrical 
energy  is  generated  shall  be  fenced  off  and  set  apart  for  that  purpose  only.  It  shall  con- 
tain the  engines,  dynamos,  switchboards,  and  any  other  mechanical  or  electrical  appa- 
ratus belonging  thereto,  but  shall  not  contain  boilers,  feed  pumps,  haulage  engines, 
or  other  machinery,  or  be  used  as  a  storeroom  or  workshop,  except  for  repairing  the 
machines  therein. 
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Provliion  of  2.  Where  the  eeneratinir  station  under  the  control  of  the  owner  or  manac:er  of  the 
wEwefenenSng™'"^  is  not  within  400  yards  of  the  pit  mouth,  a  switch  house  shall  be  provided  near 
■•■tton  Isover  400  the  pit  mouth,  containing  switches  for  cutting  off  the  supply  of  electricity  to  the  mine. 
^  This  house  shall  only  be  entered  by  duly  authorized  persons,  and  a  notice  to  that 


effect  shall  be  posted  at  the  door,  and  the  same  regulations  as  to  switchboards  and 
their  inclosures  in  generating  stations  shall  apply  thereto. 
Main    fwltcli-         3-  The  main  switchboard  shall  be  separated  from  the  engine  room  by  a  hard- wood 
**"*  rail  not  less  than  3  feet  from  the  front  of  the  board.     The  space  in  front  of  the  board 

shall  be  a  platform  raised  not  less  than  6  inches  above  the  floor  level,  and  preferably 
constructed  of  wood  blocks. 
Provteion  to  be         4-  ^^  there  are  any  connections  at  the  back  of  the  switchboard,  there  shall  be  a 
■MOO  at*bodl*ol^^^^'^  space  behind  the  board  of  not  less  than  3  feet.     This  space  shall  not  be  utilized 
m  •  j  n  owttch-  as  a  storeroom  or  a  lumber  room,  or  obstructed  in  any  manner  by  resistance  frames, 
meters,  or  otherwise.     If  space  is  required  for  resistance  frames  or  other  electrical 
apparatus  behind  the  board,  the  passageway  must  be  widened  accordingly. 

No  cable  shall  cross  the  passage  way  at  the  back  of  the  board  except  below  the 
floor  or  at  a  height  of  not  less  than  7  feet  above  the  floor. 

The  space  at  the  back  of  the  switchboards  shall  be  properly  floored,  accessible 
from  each  end  and,  except  in  the  case  of  low  pressure  switchboards,  must  be  kept 
locked  up,  but  the  lock  must  allow  of  the  door  being  opened  from  the  inside  without 
the  use  of  a  key. 

The  floor  at  the  back  shall  be  firm  and  even,  and  shall  be  of  hard  wood,  or  be 
covered  with  good  insulating  material. 
Pfoviilon  of         5.  Every  generator  shall  be  provided  with  an  automatic  maximum  cut-out  or 
^  ^  switch  and  fuse  on  each  pole  between  the  generator  and  the  bus  bars. 


fonoralon  Where  generators  are  paralleled  reverse  ciurent  cut-outs  shall  also  be  provided. 

Suitable  instruments  shall  be  provided  for  measuring  the  current  and  pressure  of 

each  generator. 

Automatic  cut-         6.  Every  feeder-circuit  shall  be  provided  with  an  automatic  maximum  cut-out 
out  and  ammeter  ..  ».       j  r  i_       1         j 

tor  feeder  drcnlt  or  switch  and  fuse  on  each  pole  and  an  ammeter. 

Arrangement  of         7.  Where  the  supply  is  maintained  continuously  the  switchboards  shall  be  arranged 

where^Mnttattona '°  sections,  so  that  all  pressure  can  be  cut  off  from  any  section  for  the  purpose  of 

■igpg  la  main- cleaning  or  repairing  it. 

No  work  or  cleaning  shall  be  carried  out  on  any  portion  of  a  switchboard,  above 

the  limits  of  low  pressure,  while  the  pressure  is  on  the  board. 

_  M-         8.  If  the  transmission  lines  from  the  generating  station  to  the  pit  are  overhead 

head  lines         '  there  shall  be  lightning  arresters  in  connection  with  the  feeder  circuits. 

Protection  from         9.  Where  the  supply  is  at  low  pressure  the  bus  bars  and  any  live  metal  work  on 

Short drcoitswim^j^g  front  of  the  boards  must  be  so  spaced  or  separated  by  fillets  of  nonconducting 


material  that  there  shall  be  no  danger  of  accidental  short  circuits,  and  switches  must 

be  provided  which  will  open  even  on  a  short  circuit  without  danger  to  the  attendant. 

Automatic  cut-outs  must  be  arranged  so  that  when  opening  outwards  the  contact 

lever  does  not  fall  within  6  feet  6  inches  of  the  floor.     If  unindosed  fuses  are  used 

they  must  be  placed  within  2  feet  of  the  floor. 

Live  metal  on  10.  Where  the  supply  is  at  a  pressure  exceeding  the  limits  of  low  pressure,  there 

hoaida^tm^um  ^^^^  ^  "^  ^'^^  metal  work  on  the  front  of  the  switchboard  within  8  ft.  of  the  platform 

preeanre  and  up-  and  the  space  provided  under  rule  4  shall  be  not  less  than  4  ft.  in  the  clear. 

High  preeaure  11.  Where  the  supply  is  at  a  pressure  exceeding  the  limits  of  medium  pressure  the 

uMtod  ^  O^ra^  instruments  should,  where  practicable,  be  connected  through  transformers  and  worked 

tranaformeraat  low  pressure.     Where  such  transformers  are  not  used  the  metal  cases  of  all  instni- 

n^liere     practice  - 

ble  ments  shall  be  either  earthed  and  guarded  by  efficient  earthed  metal  cages  out  of 

reach  of  the  attendant,  or  be  completely  protected  with  insulating  covers. 

Metal  caalnga,         AU  metal  work  not  in  connection  with  the  circuits  shall  be  connected  to  earth, 

etc,  to  be  earthed  g^Q^  all  switches  shall  be  operated  by  long  and  well  insulated  levers. 
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12.  The  frames  and  bedplates  of  all  generating  machines  and  transformers  at  B«rthliigofnu- 
a  pressure  exceeding  the  limits  of  low  pressure  shall  be  efficiently  connected  to  earth.  *  Tunw 

13.  All  terminals  and  live  metal  work,  where  practicable,  shall  be  protected  with  Protection  of 
insulating  covers  or  with  metal  covers  connected  to  earth. 

The  brush  rockers  of  machines  working  at  a  pressure  exceeding  the  limits  of  low  ®™«**  rocken 
pressure  shall  be  worked  by  hand  wheels  at  a  safe  distance  from  the  brushes. 

14.  Insulating  stands  or  rubber  mats  must  be  placed  at  the  commutator  or  col-    Rubber  nuiti 
lector  side  of  all  open  type  machines  working  at  a  pressure  exceeding  the  limits  of  low 
pressure. 

15.  The  fencing  of  generators  having  collector  rings  or  commutators  must  be  of    Fendng  of  gen- 
teak  or  hard  wood  or  metal.     If  of  metal,  that  part  of  the  metal  which  might  be  *"  " 
touched  by  a  person  when  wiping  commutator  or  collector  rings  shall  be  covered 

with  insulating'material. 

16.  No  person  other  than  an  authorized  person  shall  enter  a  machine  or  motor  Unanthorl  i  e  d 
room  or  interfere  with  the  working  of  any  machine,  motor,  or  apparatus  connected  ter  motor  room 
therewith.  Z^l^'  ^ 

•  Sbction  Ul,--Cables 

1.  Except  as  hereinafter  provided,  metallic  circuits  shall  in  every  case  be  main-  Prahlbttioii  of 
tained  completely  insulated  from  earth.  ^*^^  ^^'^^^ 

The  neutral  point  of  polyphase  systems  shall  not  be  earthed  without  notification 
in  writing  to  the  inspector  of  mines  of  the  district. 

2.  All  continuously  insulated  cables  and  wires  shall  be  highly  insulated,  and  the  ccStouoSS  In^ 
insulating  material  must  be  protected  from  mechanical  injury.  lulated  cablet 

The  insulating  material  must  be  so  protected  or,  as  far  as  is  practicable,  be  of  itself 
of  such  a  nature  that  it  will  not  deteriorate  under  the  action  of  water  or  alternate  periods 
of  wet  and  dry,  or  at  the  highest  temperature  to  which  it  will  be  subjected.  Rubber 
must  not  be  allowed  to  exceed  130**  F.,  or  paper  or  fiber  insulation  1 70**  F.  In  specially 
hot  places  the  conductors  shall  be  so  large  that  the  electric  heating  is  almost  nil. 

3.  A  continuously  insulated  cable  must  be  so  constructed  that  when  a  test  piece  of  j|,JJ2|-''  |^; 
it  has  been  immersed  in  water  for  twenty-four  hours  it  will,  while  still  immersed,  in  l*t*d  cablet 
the  case  of  cables  intended  for  low  or  medium  pressures,  withstand  2,000  volts  for 

ten  minutes  between  the  conductor  and  the  water,  and  between  cores  if  there  are 
more  than  one  in  the  cable. 

If  the  cable  is  intended  for  high  or  extra  high  pressure  twice  the  working  pressure 
shall  be  taken  for  this  test. 

Prior  to  the  immersion  the  test  piece  must  have  been  bent  six  times  (three  times 
in  one  direction  and  three  times  in  the  opposite  direction)  round  a  cylindrical  surface 
not  more  than  twelve  times  the  diameter  of  the  finished  cable. 

4.  Continuously  insulated  cables  and  wires  which  are  to  be  used  at  low  and  medium    Certificate  oC 
pressures  must  be  subjected  at  the  maker's  works  to  a  test  under  water  of  2,000  volts  *" 
for  one  hour  between  the  conductor  and  the  water,  and  between  cores  if  there  arc 
more  than  one  in  the  cable,  after  twenty-four  hours'  immersion  in  water,  and  each 

drum  and  coil  must  be  certified  to  have  been  so  tested. 

Where  high  or  extra  high  working  pressures  are  intended  the  tests  must  be 
made  at  twice  the  working  pressure. 

A  written  certificate  signed  by  a  cable  manufacturer  or  competent  engineer  of  the 
United  Kingdom  shall  be  sufficient  evidence  that  the  requirements  of  this  rule  have 
been  complied  with. 

5.  Unless  fixed  in  sight  and  out  of  reach  of  injury,  all  conductors  other  than  lead  ^i^iJJi**"*  •* 
covered  armored  cables  must  further  be  protected  by  a  strong  covering,  and  this  in 

damp  situations  most  consist  of  water-tight  metal  tubes,  which  shall  be  electrically 
continuous  throughout,  and  efficiently  connected  to  earth.  Means  must  be  provided 
to  prevent  the  accumulation  within  the  tubing  of  water  arising  from  condensation  or 


.  maker's  testa 
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other  sources.     Short  bends  or  elbows  must  be  avoided,  comers  being  turned  by 

smoothbore  round  bends  or  suitable  boxes. 

ProtecUonof  ex-         5.  The  exposed  ends  of  cables  where  they  enter  the  terminals  of  switches,  fuses. 
poMuendsoxcon- 
doctors   entering  and  other  appliances,  must  be  properly  protected  and  finished  off,  so  that  moisture 

twUd^M^etc*  *'  <^^°  "o^  creep  along  the  insulating  material  within  the  waterproof  sheath,  nor  can  the 
insulating  material,  if  of  an  oily  nature,  leak  out  of  the  cable. 
Limits  of  sec-  j^  fhe  sectional  area  of  a  copper  conductor  must  not  be  less  than  that  of  a  No.  18 
S.  W.  G.  wire,  with  the  exception  of  the  case  of  flexible  cord  conductors  and  wires 
for  fittings,  when  the  sectional  area  must  not  be  less  than  that  of  a  No.  20  S.  W.  G. 
wire.  All  insulated  copper  conductors  having  a  greater  area  than  that  of  a  No.  14 
S.  W.  G.  wire  must  be  stranded. 

^^•^J^^JL*'*^         8.  The  section  of  all  conductors  along  which  the  current  is  to  pass  shall  be  such 

Oi  COQutlCCOrS 

that  if  double  the  normal  current  were  flowing  the  temperature  would  not  rise  to  the 
point  at  which  the  insulating  material  would  be  damaged  or  deteriorated. 

Current  densi-  9.  If  the  conductors  are  of  copper  they  shall  be  of  high  conductivity,  and  when  the 
****  area  does  not  exceed  .2  square  inches  the  current  density  must  not  exceed  1,000 

amperes  per  square  inch;  when  the  area  exceeds  .2  square  inches,  but  does  not  exceed 
.7  square  inches,  the  current  density  must  not  exceed  800  amperes  per  square  inch; 
and  when  the  area  exceeds  .7  square  inches,  but  does  not  exceed  i  square  inch,  the 
current  density  must  not  exceed  750  amperes  per  square  inch. 

Joints  not  to  10.  In  every  case  wires  and  cables  must  be  so  clamped  and  secured  at  their  joints 
as  to  insure  that  the  contact  is  relieved  not  only  from  the  weight  of  the  cables,  but 
from  any  strain  that  may  be  put  upon  them. 

JoiniM  J I .  AH  joints  must  be,  as  far  as  practicable,  mechanically  and  electrically  perfect 

to  prevent  heat  being  generated.  All  joints  where  possible  must  be  soldered.  Sol- 
dering fluids  containing  acids  or  other  corrosive  substances  must  not  be  used.  The 
insulation  of  all  joints  in  insulated  conductors  must  be  most  carefully  attended  to. 
In  any  place  or  part  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines  regulation 
act,  1887,  applies,  suitable  joint  boxes  must  be  used. 

Joint  boses  ,  2 .  Joint  boxes  must  be  used  to  connect  lengths  of  cables  or  conductors  equivalent 

to,  or  larger  than  7-16  S.  W.  G.,  and  must  be  so  constructed  that — 

(a)  The  conductors  can  not  be  readily  short-circuited; 

(b)  The  insulation  between  opposite  poles  will  not  readily  break  or  chip; 

(c)  The  connections  do  not  heat. 

If  used  in  damp  places  special  precautions  must  be  adopted  to  exclude  moisture. 

Joints  constitute  a  source  of  weakness,  and  they  must  therefore  be  accessible,  and 
their  pK)sitions  should  be  indicated  by  a  conspicuous  mark. 
J«*JJjMio'«Wes  1 3.  Soldering  of  joints  is  prohibited  in  any  place  or  part  of  a  mine  to  which  general 

rule  No.  8  of  the  coal  mines  regulation  act,  1887,  applies.  In  such  places  conductors 
must  be  connected  by  means  of  metal  screw  clamps,  connectors,  or  their  equivalent. 
These  connectors  must  consist  of  separate  clamps  on  each  cable  end,  with  a  gap 
between,  which  must  be  bridged  across  by  a  link  making  contact  under  oil.  or  in  a  gas- 
tight  box.  The  links  should  be  easily  removable  for  dividing  the  cables  when  required 
for  testing  purposes. 

The  connectors  must  be  constructed  with  ample  contact  surface  to  prevent  any 
perceptible  rise  of  temperature  when  carrying  twice  the  full  load. 

When  the  separate  conductors  of  cables,  at  different  potentials,  such  as  twin,  triple, 
or  concentric  cables,  are  connected  in  the  same  box,  ample  insulation  and  mechanical 
protection  must  be  provided  between  the  conductors.  On  no  account  may  wires, 
other  than  signaling  wires,  or  cables  be  joined  by  merely  twisting  them  together. 
oora^ce^  ^**  '  14.  It  shall  be  permissible  to  use  on  the  surface  bare  overhead  wires  under  the  fol- 
lowing conditions: 

(a)  Every  overhead  line  shall  be  attached  to  supports  at  intervals  not  exceeding 
200  feet  where  the  direction  of  the  line  is  straight,  or  150  feet  where  the  line  makes  an 
angle  at  the  point  of  support. 
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(6)  Every  support  for  an  overhead  line  shall  be  of  durable  material,  and  properly 
stayed  to  withstand  forces  due  to  wind  pressure,  change  of  direction,  or  unequal 
lengths  of  span,  and  have  a  factor  of  safety  of  at  least  ten,  calculated  from  the  weight 
of  the  wires  only.    The  wires  must  have  a  factor  of  safety  of  at  least  five  at  32**  F. 

(c)  All  overhead  lines  shall  be  attached  to  insulators,  and  shall  be  so  guarded  that 
they  can  not  fall  away  from  the  supports. 

(d)  The  overhead  lines  shall  at  every  part  be  absolutely  clear  of  any  traffic  going 
under  them. 

{e)  Whenever  overhead  lines  are  used  they  must  be  protected  by  efficient  lightning 
arrestors. 

(J)  Service  lines  from  overhead  lines  shall  be  connected  as  directly  as  possible  to 
suitable  insulators  firmly  attached  to  some  portion  of  the  premises  which  is  not 
accessible  to  any  person  without  the  use  of  a  ladder,  and  from  this  point  they  shall  be 
efficiently  inclosed  and  protected. 

15.  Cables  buried  on  the  surface  shall  be  continuously  insulated.  on^SSee    ""** 
Unarmored  cables  must  be  mechanically  protected  by  suitable  material.     High 

tension  cables  must  not  be  placed  in  the  same  trough  or  conduit  with  low  or  medium 
tension  cables,  unless  they  are  each  separately  protected  by  earthed  metallic  shields. 

16.  All  cables  used  in  shafts  must  be  highly  insulated  and  substantially  fixed.    Shaft cablM 
Shaft  cables  shall  be  properly  supported  at  intervals,  varying  according  to  the  weight 

of  the  cable.  Where  the  cables  are  not  completely  boxed  in  and  protected  from  falling 
material,  space  should  be  left  between  them  and  the  side  of  the  shaft  that  they  may 
yield,  and  so  lessen  a  blow  given  by  falling  material.  They  shall,  if  reasonably  prac- 
ticable, be  taken  down  the  oown-cast  shaft  and  along  the  main  intake  air  ways. 

17.  (a)  As  the  condition  of  underground  roads  is  very  variable,  the  manager  shall    Undergro  nnd 
be  responsible  for  placing  the  cables  in  positions  where  they  will  be  least  liable  to 

be  damaged  by  falls  of  roofs  or  sides,  or  by  tubs  or  trams  passing  or  getting  off  the 
road. 

(6)  Where  the  cables  in  main  haulage  roads  can  not  be  kept  at  least  i  foot  from 
any  part  of  the  tub  or  tram,  they  shall  be  specially  protected.  When  single  cables  are 
used  they  shall,  if  practicable,  be  fixed  on  opposite  sides  of  the  road. 

(c)  The  fixing  with  metallic  fastenings  of  cables  and  wires  not  provided  with 
metallic  covering  to  walls  or  timbers  is  prohibited. 

(c/)  Cables  when  suspended  shall  be  suspended  by  leather  or  other  flexible  mate- 
rial in  such  a  manner  as  to  allow  of  their  readily  breaking  away  when  struck,  before 
the  cables  themselves  can  be  seriously  damaged. 

(e)  Trailing  cables  for  portable  machines  shall  be  specially  flexible,  heavily  insu- 
lated, and  protected  with  either  galvanized  steel  wire  armoring,  extra  stout  braiding, 
hose  pipe,  or  other  effective  covering.  Trailing  cables  shall  be  regularly  insi>ected, 
and  any  defects  in  them  promptly  repaired. 

(/)  At  points  where  the  flexible  conductors  are  joined  to  the  main  cables,  a  fixed 
terminal  box  must  be  provided,  and  be  of  such  design  that  the  lugs  can  be  securely 
clamped  without  risk  of  undue  heating,  and  that  no  live  metal  can  be  exposed  when 
the  lid  is  closed.  A  switch  shall  be  fixed  close  to  or  in  the  terminal  box  capable  of 
entirely  cutting  off  the  supply  from  the  terminal  box  and  motor. 

18.  Where  main  or  other  roads  are  being  repaired,  or  blasting  is  being  carried    ^^Ijj   ^   ^ 

out,  suitable  temporary  protection  must  be  used  so  that  the  cables  can  not  be  damaged,  repair  of  ntStn 

hUmOng 

Section  IV. — Switches,  fuses,  and  ctU-ouis 

I.  Every  switch  must  be  of  such  a  type  and  size  that  it  will  not  overheat  when  the  ^^'^^^J^  .*• 

of  sottaDM  ciaalflD 
full  current  flows  continuously;  when  it  is  switched  off  under  full  load  it  must  not  be 

possible  to  form  an  arc,  and  it  must  be  incapable  of  remaining  in  partial  contact, 

and  its  handle  must  be  insulated  and  so  arranged  that  the  hand  can  not  touch  live 

metal. 
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Fuset  to  be  of  2.  Fuses  must  be  so  proportioned  that  no  overheating  can  take  place  in  any  part 

•ttltable  design    -y^^en  the  full  current  flows  continuously.     They  shall  effectually  interrupt  the  current 

when  a  short  circuit  occurs,  and  also  when  the  current  through  them  exceeds  the 

working  current  by  loo  per  cent.     Their  covers  must  be  of  incombustible  material, 

and  either  nonconducting  or  of   rigid  metal    lined  with  insulating  incombustible 

material,  and  kept  clear  of  all  internal  mechanism.     Fuses  must  not  be  placed  in  wall 

sockets,  ceiling  roses,  or  switch  covers. 

iiutf^bi£^Mid*re-         ^'  ^^^^  metal  or  soft  metal  soldered  to  hard  metal  lugs  must  be  used  for  fuses. 

placing  of  fuses    They  shall  be  stamped  or  marked  with  the  current  for  which  they  are  intended  to 

be  used,  and  shall  only  be  changed  or  replaced  by  an  authorized  person.     In  the 

event  of  a  fuse  melting,  its  circuit  must  be  switched  off  before  the  fuse  is  replaced. 

Indosure       of         4.  All  live  parts  of  switches,  fuses,  and  cut-outs  not  in  machine  rooms,  or  in 

Miij||.rtiji«         ffiiajtp  T^  »  »  » 

etc^  not*  In  mi-  compartments  specially  arranged  for  the  purpose,  must  be  covered.  These  covers 
chine  rooms  must  be  of  incombustible  material,  and  must  be  either  nonconducting  or  of  rigid 
metal,  and,  as  far  as  practicable,  clear  of  all  internal  mechanism. 

Makeshift  5.  All  points  at  which  the  circuit  has  to  be  made  or  broken  shall  be  fitted  with 
mlssible  "         "  proper  switches.     The  use  of  hooks  or  other  makeshifts  is  prohibited. 

Prohibition  of  6.  In  any  place  or  part  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines 
8w?tches  ind  regulation  act,  1887,  applies,  the  use  of  open  type  switches,  fuses,  and  cut-outs  is 
tas^  In  certain  prohibited;  they  must  either  be  inclosed  in  gas-tight  boxes,  or  break  under  oil. 

Sbction  V. — Motors 

Switches  to  be  i.  All  motors,  together  with  their  starting  resistances,  shall  be  protected  by 

^ra      "*"  "*"  switches  capable  of  entirely  cutting  off  the  pressure,  and  fixed  in  a  convenient  posi- 
tion near  the  motor. 
Ammeter    lor  2.  Every  motor  in  a  machine  room  shall  be  provided  with  a  suitable  ammeter  to 

indicate  the  load  put  upon  the  machine. 
Motors   to    be         3.  Motors  must  not  be  worked  at  a  heavier  load  than  they  can  carry  for  a  six 
JJJjJJ*jjJ^?"*  hours  run,  with  a  maximum  rise  of  temperature  attained  by  any  accessible  part  of 
the  motor  of  80®  F.  as  measured  by  a  thermometer. 
Protection     for         4.  Special  care  must  be  taken  to  insure  that  the  holes,  where  unarmored  cables 
mroogh  m^*a1  ^^  wires  pass  through  metal  frames  or  into  boxes  or  motor  casings,  are  substantially 
casings,  etc         bushed  with  insulating  bushes,  and,  where  necessary,  with  gas-tight  bushings,  which 
can  not  readily  become  displaced.     All  the  internal  machine  connections  shall  be 
efficiently  protected  against  damage  by  accident  or  rough  usage. 
Provision      of         5.  In  any  place  or  part  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines 
2^*^f{n^^^' regulation  act,  1887,  applies,  all  motors,  unless  placed  in  such  rooms  as  are  separ- 
•{Cm.    in    c^*^n  ately  ventilated  with  intake  air,  shall  have  all  their  current  carrying  parts,  also  their 
sniy  to  be  opened  starters,  terminals,  and  connections,  completely  inclosed  in  flame-tight  indosures, 
J^uthoriiedper-jjj^^g  of  uninflammable  material,  and  of  sufficient  strength  as  not  to  be  liable  to  be 
damaged  should  an  explosion  of  fire  damp  occtir  in  the  interior,  and  such  indosure 
shall  not  be  opened  except  by  an  authorized  person,  and  then  only  when  the  current  is 
switched  off.     The  pressure  shall  not  be  switched  on  while  the  indosures  are  open. 
Current  to  be  6.  When  starting  a  motor  the  switch  block  shall  not  be  moved  across  the  contacts 

Bwttchedongrad-^^j^  one  rapid  movement,  but  with  a  slow  movement  until  the  armature  has  attained 
its  proper  speed,  and  care  must  be  taken  that  the  strain  is  put  on  the  machine  grad- 
ually. 
Inclosure  of  7-  Portable  motors  which  are  fed  by  flexible  cables  must  be  provided  with  strong 
portable  motors  terminal  boxes  for  making  secure  mechanical  and  electrical  contact  with  the  cable 
lugs,  as  provided  in  Sec.  III.,  rule  17  (Oi  the  boxes  must  entirdy  indose  all  live 
metal,  and  the  lids  must  be  firmly  screwed  down.  These  boxes  must  be  securdy 
attached  to  the  machines,  or  be  designed  to  form  a  part  thereof. 
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8.  In  any  place  or  part  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines    Motors  to  c 
regulation  act,   1887,  applies,  a  safety  lamp   or   other  suitable  apparatus  for  the  damp  it  present 
detection  of  fire  damp  shall  be  provided  for  use  with  each  machine  when  working, 

and,  should  any  indication  of  fire  damp  appear  on  the  flame  of  the  safety  lamp  or 
other  app>aratus  used  for  the  detection  of  fire  damp,  the  person  in  charge  shall  imme- 
diately stop  the  machine,  cut  off  the  current  at  the  gate  end  or  nearest  switch,  and 
report  the  matter  to  an  official  of  the  mine. 

9.  In  cases  were  the  cutter  of  a  coal-cutting  machine  becomes  jammed,  the  CurreiU  to  be 
current  shall  be  immediately  cut  off  from  the  motor,  and  the  tension  holding  the  machine  is  Jam- 
machine  up  to  the  face  shall  be  release^.     The  machine  shall  not  be  re-started  until  ™** 

the  increased  load  upon  the  cutter  has  been  removed. 

10.  A  coal-cutter  motor  shall  not  be  kept  continuously  at  work  for  a  period  of    Manager      1 0 

time  exceeding  a  maximum  period,  which  shall  b^  specified  in  writing  by  the  manager,  period  of  contbw- 

ous  work  of  coal- 
cutter 

1 1 .  The  casing  of  all  portable  motors  shall  at  least  once  a  week  be  opened  by  a  Colngof  por- 
competent  person  appointed  by  the  manager,  and  the  parts  of  the  motor  so  inclosed  opened  once  a 
shall  be  cleaned,  and  all  dust  and  dirt  be  removed  before  the  casing  is  replaced.  ^••^ 

12.  All  portable  machines,  when  in  use,  and  their  trailing  cables,  with  switches,  DaUy  eiamlna- 
fuses,  and  other  appliances,  shall  once  in  every  twenty-four  hours  be  examined  by  a  machineryiuid 
competent  person  or  persons  appointed  by  the  manaj^er.  accessories 

13.  The  person  in  charge  of  a  coal-cutter  or  drilling  machine  shall  be  a  thoroughly  Anthorlxedper- 
competent  man  duly  authorized  by  the  manager;  he  shall  not  leave  the  machine  charge  of  portable 
w^hile  it  is  working,  and  shall,  before  leaving  the  working  place,  see  that  the  current  is  ""JJ^l^t  ^^  ^ 
cut  off  from  the  trailing  cables.  He  must  not  allow  the  cables  to  be  dragged  along  col  off  at  close  of 
by  the  machine. 

14.  No  repairs  shall  be  made  to  any  portable  machine  until  the  pressure  has  been    No   repairs   to 

cut  off  from  the  traUing  cables.  ShJ?«*while"ci: 

rent  is  on 

1 5 .  Should  any  sparking  or  arc  be  produced  outside  a  coal-cutting  or  other  portable  ^j^'**^!?     ™*' 


machine,  or  by  the  cables  or  rails,  the  machine  shall  be  stopped,  and  the  occurrence  working  when  out 
reported  to  an  official  of  the  mine,  and  the  machine  shall  not  be  worked  again  until  the  •'•"*•' 
defect  is  repaired. 

16.  Wedges  or  blocks  shall  be  systematically  inserted  into  the  holing  cut  as  ^^^  ig^^^f^^J^J^ 
cutter  progresses,  and  at  a  distance  apart  to  be  fixed  by  the  manager.     Where  the  wedges  in  holing 
holings  left  by  the  machine  are  found  to  be  sufficient  to  act  in  place  of  wedges,  wedges 
need  not  be  inserted. 

Section  VI. — Electric  locomotives 

1.  Electric  haulage  by  locomotives  by  the  trolley  system  is  not  permissible  in  any  ^j***'*^     *•*•' 

place  or  p>art  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines  regulation  act,  misslble  in  cer- 

1887,  applies.     On  this  system  no  pressure  exceeding  the  limits  of  meditun  pressure  ^Jjj  'JJJJi*  ^^. 

may  be  employed.  d*«™    •nd    tow 

''  pressures  only 

2.  The  cab  of  the  locomotive  and  all  trucks  used  to  convey  persons  shall  be  so  ^  Protectton  from 

danger  of  ttfffk 
roofed  that  persons  riding  are  efficiently  screened  from  contact  either  with  the  trolley 

wires  or  the  roof  of  the  road. 

3.  In  drifts  and  underground  roads  the  trolley  wires  must  be  placed  so  that  they  Position  of  trol- 
are  at  least  7  feet  above  the  level  of  the  road  or  track,  or  the  pressure  must  be  cut  off  <Si«M  of"work- 
from  the  wires  during  such  hours  as  the  roads  are  used  for  travehng  on  foot.     The  *°« 

hours  during  which  traveling  on  foot  is  permitted  shall  be  clearly  indicated  by  notices 
and  signals  placed  in  a  conspicuous  position  at  the  ends  of  the  roads.  At  other  times 
no  one  other  than  a  duly  authorized  person  shall  be  permitted  to  travel  on  foot  along 
the  road. 

4.  On  this  system  either  insulated  returns  or  uninsulated  metallic  returns  of  low  System  of  re- 
resistance  may  be  employed.  ***"*• 
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SapArategMier-  5.  In  order  to  prevent  any  other  part  of  the  system  being  earthed,  the  current 
ployed  for  loco-  supplied  for  use  on  the  trolley  wires  with  an  uninsulated  return  shall  be  generated  by 
"'•**^'**  a  separate  machine,  and  shall  not  be  taken  from  or  be  in  connection  with  electric  lines 

used  for  any  other  purpose. 
iK^J!^  *  hitt^         ^'  ^^  storage  battery  locomotives  are  used  in  any  place  or  part  of  a  mine  to  which 
loc^oUvofl      In  general  rule  No.  8  of  the  coal  mines  regulation  act,  1887,  applies,  the  rules  applying 
certain  mlnot       ^^  motors  in  such  places  shall  also  be  deemed  to  apply  to  the  boxes  containing 
the  cells. 

SBCTION  VII. — Electric  lighling 

* JiiS?S*lu^ '  *t  ^'  Lampholders,  switches,  or  other  fittings  must  not  be  directly  fixed  to  the 
to  be  dlro<Sly2xed  timbering  or  metal  work,  but  to  hard  wood,  or  incombustible,  nonhygroscopic,  insu- 
tom^I  or  tim-j^^jj^g  ^^^  h\oc\iS. 

Use   of   arc         2.  All  arc  lamps  shall  be  so  guarded  as  to  prevent  pieces  of  ignited  carbon  or 
broken  glass  falling  from  them,  and  shall  not  be  used  in  situations  where  there  is  any 
danger  from  the  presence  of  coal  dust.     They  shall  be  so  screened  as  to  prevent  risk  of 
contact  with  persons, 
tor         3.  For  lighting  purposes  only  low  pressure  electricity  shall  be  used,  unless  the 
conditions  set  out  in  rule  5,  Section  I,  are  complied  with. 
Syitem  of  wlr-         4.  Small  wires  for  lighting  circuits  must  be  either  conveyed  in  pipes  or  casings, 
which,  if  underground,  shall  be  noninflammable,  or  suspended  from  porcelain  insu- 
lators, or  tied   to  them  with  some  nonconducting  material  which  will  not  cut  the 
covering,  and  so  that  they  do  not  touch  any  timbering  or  metal  work.     On  no  account 
must  staples  be  used.     If  metallic  pipes  are  used  they  must  be  electrically  continuous 
and  earthed.     If  separate  uncased  wires  are  used  they  must  be  kept  at  least  2  inches 
apart,  and  not  brought  together  except  at  lamps  or  switches  or  fittings. 
Wkesnot  to  be         5.  No  wire  carrying  a  current  shall  be  used  underground  to  support  a  lamp,  or  be 
chanlcal  itraln     otherwise  subjected  to  mechanical  strain. 

Vacuum  ^^^         6.  In  any  place  or  part  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines 
In  certain  places  regulation  act,   1887,  applies,  vacuum   lamps   must    alone  be  used;  they  shall  be 
inclosed  in  gas-tight  fittings  of  strong  glass,  and  have  no  flexible  cord  connections. 
The  wires  must  be  protected  by  a  strong  continuous  metallic  sheathing  efficiently 
earthed. 
dSSS  o«5    b*         ^*  ^^™P^  underground  shall  only  be  changed  by  a  duly  authorized  competent 
authorized     per-  person.     While  lamps  are  being  changed  on  any  circuit  in  any  place  or  part  of  a  mine 
JSJJ'ent^ls  off  to  ^^  mentioned  in  rule  6,  the  supply  must  be  switched  off  from  that  circuit, 
certito  places 

be^^rovlded*  at         ^'  ^'  ^^ery  entrance  between  the  top  and  bottom  of  the  shaft  and  at  the  shaft 
certain  places  to  bottom,  and  in  all  machine  rooms  and  at  other  places,  where  the  failure  of  electric 
Se^ric  light"  *  ^*8^'  ^^  likely  to  cause  danger,  a  sufficient  supply  of  safety  lamps  or  other  suitable 
lights  shall  be  maintained  for  use  in  the  event  of  a  failure  of  the  electric  light. 

Section  VIII. — Shot  firing 

Shots  to  be  fired  i.  AH  shots  in  places  to  which  the  explosives  in  coal  mines  orders  apply  shall 

to  places  to  which  be  fired  by  electricity,  and  only  by  such  persons  as  are  duly  authorized  in  writing. 
CMl  mtoes  oMers  ^*8^  tension  magneto-generators  shall  be  inclosed  in  flame-tight  cases  when  used  in 
•n»>y  such  mines. 

Firinf  cableto         2.  The  shot-firing  cable  shall  be  of  such  length  as  to  enable  the  shot  firer  to  be 
25  yards  to  length  out  of  danger  from  projected  material,  and  shall  in  no  case  be  of  less  length  than  25 

yards. 
neSS****  te^I         ^'  '^^^  shot-firing  cable  shall  be  first  connected  to  the  detonator  or  fuse  wire  by 
tog  the  shot  firer,  and  not  connected  to  the  electric  firing  apparatus  until  all  persons  in 

the  vicinity  have  taken  cover. 
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4.  The  handle  or  key  of  a  magneto  shot-firing  apparatus  shall  be  detached  when  Detachable  key 
not  required  for  firing,  and  shall  under  no  conditions  pass  from  the  personal  custody  leneraton  to  be 
of  the  shot  firer  whilst  on  duty.  Magneto  machines  must  be  frequently  tested  to  jj^***^'' ®'  '" 
insure  that  they  give  the  necessary  pressure  and  current. 

Pr  imary  or  secondary  batteries  when  used  for  shot  firing  shall  be  P^'ovided  -J^***2*}*J** 
with  a  removable  connecting  plug  or  key,  without  which  the  circuit  can  not  be  closed,  terles  to  be  in 
and  this  plug  or  key  shall  be  detached  when  not  required  for  firing,  and  shall  under  no  flr',.  Batteriei  to 
conditions  pass  from  the  personal  custody  of  the  shot  firer  whilst  on  duty.  Such  Jji*^***  *"  •*' 
batteries  must  be  frequently  tested  to  insure  that  they  give  the  necessary  pressure 
and  current. 

6.  Electricity  from  lighting  or  power  cables  shall  not  be  used  for  firing  shots.  Electricity  frem 
except  in  sinking  shafts  or  stone  drifts,  and  then  only  when  a  special  firing  plug,  mains  ^  K'be 
button,  or  switch  is  provided,  which  plug,  button,  or  switch  shall  be  placed  in  a  fixed  JJSJincOTfdlSwS 
locked  box,  and  shall  only  be  accessible  to  the  authorized  shot  firer.  and  then  only  In 

The  firing  cable  or  wires  shall  not  be  connected  to  this  box  until  immediately  ■*"''*"l"^*^»^' 
before  it  is  required  for  the  firing  of  shots,  and  shall  be  disconnected  immediately  after 
the  shots  are  fired. 

7.  No  person  shall  approach  a  shot  which  has  been  attempted  to  be  fired  by  elec-    Cable  to  be  dia- 

connect ftfl  D0lof 6 
tricity  and  failed  to  explode  until  the  firing  cable  or  wires  have  been  disconnected  any   penon    ap- 

from  the  apparatus.  ffioT***  "*■■•* 

8.  When  shot-firing  cables  or  wires  are  used  in  the  vicinity  of  power  or  lighting  JjWna  cable  ng 
cables,  sufficient  precautions  shall  be  taken  to  prevent  the  shot-firing  cables  or  wires  with  other  cablea 
from  coming  in  contact  with  the  lighting  or  power  cables. 

Section  IX. — Signaling 

1.  All  proper  precautions  must  be  taken  to  prevent  electric  signal  and  telephone    Signal wlrea not 

...       to  come  Into  con* 
wires  from  coming  into  contact  with  other  electric  conductors,  whether  insulated  or  tact    with    other 

not.  ^^ 

2.  Contact  makers  or  push  buttons  of  electric  signaling  circuits  shall  be  so  con-    Prevention     of 

'^  o  o  circuit  t>elng  accl- 

structed  and  placed  as  to  prevent  the  circuit  being  accidentally  closed.  dentally  cloaed 

3.  In  any  place  or  part  of  a  mine  to  which  general  rule  No.  8  of  the  coal  mines    Limit  of  V^^ 
regulation  act,  1887,  applies,  bare  wires  shall  not  be  used  for  signaling  circuits  except  wlrea  are  uaed.  In 
in  haulage  roads,  and  the  pressure  shall  not  exceed  10  volts  in  any  one  circuit.     If  the  ^'**"   placea 
length  of  line  would  otherwise  necessitate  a  higher  pressure,  suitable  relays  must  be 

provided. 

Section  X. — Electric  relighting  of  safety  lamps 

1 .  In  mines  to  any  place  or  part  of  which  general  rule  No.  8  of  the  coal  mines -©^ tobeta^aSe 
regulation  act,  1887,  applies,  when  safety  lamps  are  relighted  underground  by  elec- of  relighting  ap- 
tricity,  the  manager  shall  select  a  suitable  station  or  stations,  which  are  not  in  the^amtae  l?mp8 
return  airway,  and  in  which  there  is  not  likely  to  be  any  accumulation  of  i"^^'"™^^^^  SSSSi  mtaea  ^ 
gas;  and  no  electric  relighting  apparatus  shall  be  used  in  any  other  place.     The 

relighting  apparatus  shall  be  securely  locked  so  as  not  to  be  available  for  use  except 
by  persons  authorized  by  the  manager  to  relight  safety  lamps,  and  who  shall  examine 
all  safety  lamps  brought  for  relighting  before  they  are  reissued. 

2.  All  such  apparatus  shall  be  inclosed  in  a  flame-tight  casing,  and  shall  be  pro-    Arojiratuatobe 
vided  with  a  suitable  switch  or  safety  plug  so  that  no  sparking  can  occur  except  tight  caae 
between  the  terminals  provided  for  the  purpose  inside  the  safety  lamp. 

Section  XI. — Exemptions  and  miscellaneous 

I.  Notwithstanding  anything  contained  in  these  rules,  any  electrical  works  or  ^^^^l-if?^ 
apparatus  installed  or  in  use  before  the  coming  into  force  of  these  rules  may  be  con-  tlona    with    In- 
tinued  in  use  unless  an  inspector  shall  otherwise  direct  or  subject  to  any  conditions  ■P**'*"^*  •■^ 
that  he  may  prescribe. 
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BnmptUmlran         2.  An  insi>ector  may  by  writing,  signed  by  him,  dispense  with  any  of  the  above 

^^et  ?•«•  rules  in  any  case  in  which  the  special  circumstances  appear  to  him  to  render  such 

exemption  necessary  or  desirable. 

Sec  42  of  C.  M.         3.  In  case  any  difference  of  opinion  shall  arise  between  an  inspector  and  an  owner 

18'o(M.M.r!a.'^s  to  any  requirement  or  exception  under  this  section,  the  same  shall  be  settled  as 

provided  in  section  42  of  the  coal  mines  regulation  act,  1887,  or  in  section  18  of  the 

metalliferous  mines  regulation  act,  1872. 

The  foregoing  proposed  set  of  rules  was  considerably  modified  and  the 
following  code  was  put  into  effect  by  the  British  Home  OflBce  in  1905: 

SPECIAL  RULES  FOR  THE  INSTALLATION  AND  USE  OF  ELECTRICITY 

IN  MINES 

Definitions 

The  expression  "pressure"  means  the  diflference  of  electrical  potential  between 
any  two  conductors  through  which  a  supply  of  energy  is  given,  or  between  any  part 
of  either  conductor  and  earth  as  read  by  a  hot  wire  or  electrostatic  voltmeter,  and 

(a)  Where  the  conditions  of  the  supply  are  such  that  the  pressure  at  the  ter- 
minals where  the  electricity  is  used  can  not  exceed  250  volts,  the  supply  shall  be 
deemed  a  low-pressure  supply. 

(6)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used,  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  250  volts,  but  can  not  exceed  650  volts,  the  supply 
shall  be  deemed  a  medium-pressure  supply. 

(c)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used,  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  650  volts,  but  can  not  exceed  3,000  volts,  the 
supply  shall  be  deemed  a  high-pressure  supply. 

((/)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used,  between  any  two  conductors,  or  between  one  conductor 
and  earth,  may  at  any  time  exceed  3,000  volts,  the  supply  shall  be  deemed  an  extra 
high-pressure  supply. 

Section  I.— General 

1.  (a)  All  electrical  apparatus  and  conductors  shall  be  sufficient  in  size  and 
power  for  the  work  they  may  be  called  upon  to  do,  and,  so  far  as  is  reasonably  prac- 
ticable, efficiently  covered  or  safeguarded,  and  so  installed,  worked,  and  maintained 
as  to  reduce  the  danger  through  accidental  shock  or  fire  to  the  minimum,  and  shall 
be  of  such  construction,  and  so  worked  that  the  rise  in  temperature  caused  by  ordi- 
nary working  will  not  injure  the  insulating  materials. 

(6)  In  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal  mines 
regulation  act,  1887,  applies,  the  covering  shall  be  constructed  so  that,  as  far  as  is 
reasonably  practicable,  there  is  no  danger  of  firing  gas  by  sparking  or  flashing  which 
may  occur  during  the  normal  or  abnormal  working  of  the  apparatus. 

(c)  All  metallic  coverings,  armoring  of  cables,  other  than  trailing  cables,  and 
the  frames  and  bedplates  of  generators,  transformers,  and  motors  other  than  portable 
motors,  shall,  as  far  as  is  reasonably  practicable,  be  efficiently  earthed  where  the 
pressure  at  the  terminals  where  the  electricity  is  used  exceeds  the  limits  of  low  pressure. 

2.  Where  a  medium-pressure  supply  is  used  for  p>ower  purposes,  or  for  arc  lamps 
in  series,  the  wires  or  conductors  forming  the  connections  to  the  motors,  transformers, 
arc  lamps,  or  otherwise  in  connection  with  the  supply,  shall  be,  as  far  as  is  reasonably 
practicable,  completely  inclosed  in  strong  armoring  or  metal  casing  efficiently  con- 
nected with  earth,  or  they  shall  be  fixed  at  such  a  distance  apart,  or  in  such  a  manner 
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that  danger  from  fire  or  shock  may  be  reduced  to  a  minimtmi.    This  rule  shall  not 
apply  to  trailing  cables. 

3.  Where  a  medium-pressure  supply  is  used  for  incandescent  lamps  in  series,  the 
wires  or  conductors  forming  connections  to  the  incandescent  lamps,  or  otherwise  in 
connection  with  the  supply,  shall  be,  as  far  as  is  reasonably  practicable,  completely 
inclosed  in  strong  armoring  or  metal  casing  efficiently  connected  with  earth,  or  they 
shall  be  fixed  at  such  a  distance  apart  or  in  such  a  manner  that  danger  from  fire  or 
shock  shall  be  reduced  to  the  minimum. 

4.  Motors  of  coal  cutting  and  such  other  portable  machines  shall  not  be  used  at  a 
pressure  higher  than  medium  pressure.  No  transformer  used  for  supplying  current 
at  a  pressure  higher  than  medium  pressure,  and  no  motor  using  such  current  shall  be 
of  less  normal  rating  than  20  b.  h.  p.  for  use  underground. 

No  higher  pressure  than  a  medium  pressure  shall  be  used  in  any  place  or  any 
part  of  the  mine  to  which  the  general  rule  No.  8  of  the  coal  mines  regulation  act,  1887, 
applies. 

5.  No  higher  pressure  than  a  medium-pressure  supply  shall  be  used  other  than 
for  transmission  or  for  motors,  and  the  wires  or  conductors  other  than  overhead 
lines  above  ground  forming  the  connections  to  the  motors  or  transformers  or  other- 
wise in  connection  with  the  supply  shall  be  completely  inclosed  in  a  strong  armoring 
or  metal  casing  efficiently  connected  with  earth,  or  they  shall  be  fixed  at  such  a 
distance  ap>art  or  in  such  a  manner  that  danger  from  fire  or  shock  shall  be  reduced  to 
the  minimum. 

The  machines,  apparatus,  and  lines  shall  be  so  marked  as  to  clearly  indicate  that 
they  are  high  pressure,  either  by  the  use  of  the  word  "  Danger"  at  frequent  intervals 
or  by  red  paint  properly  renewed  when  necessary. 

6.  The  insulation  of  every  complete  circuit  other  than  telephone  or  signal  wires 
used  for  the  supply  of  energy,  including  all  machinery,  apparatus,  and  devices  form- 
ing part  of  or  in  connection  with  such  circuit  shall  be  so  maintained  that  the  leakage 
current  shall,  so  far  as  is  reasonably  practicable,  not  exceed  j^v  of  the  maximum 
supply  current,  and  suitable  means  shall  be  provided  for  the  immediate  localization 
of  leakage. 

7.  In  every  completely  insulated  circuit  earth  or  fault  detectors  shall  be  connected 
up  in  every  generating  and  transforming  station  to  show  immediately  any  defect  in 
the  insulation  of  the  system.  The  readings  of  these  instruments  shall  be  recorded 
daily  in  a  book  kept  at  the  generating  or  transforming  station  or  switch  house. 

8.  Main  and  distribution  switch  and  fuse  boards  must  be  made  of  incombustible 
insulating  material,  such  as  marble  or  slate,  free  from  metallic  veins,  and  be  fixed 
in  as  dry  a  situation  as  practicable. 

9.  Every  subcircuit  must  be  protected  by  a  fuse  on  each  pole.  Every  circuit 
carrying  more  than  5  amperes  up  to  125  volts  or  3  amperes  at  any  pressure  above 
125  volts  must  be  protected  in  one  of  the  following  alternative  methods: 

(a)  By  an  automatic  maximum  cut-out  on  each  pole. 

(6)  By  a  detachable  fuse  on  each  pole,  constructed  in  such  a  manner  that  it  dan 
be  removed  from  a  live  circuit  with  the  minimum  risk  of  shock, 
(c)  By  a  switch  and  fuse  on  each  pole. 

10.  Fire  buckets  filled  with  clean,  dry  sand  shall  be  kept  in  electrical  machine 
rooms  ready  for  immediate  use  in  extinguishing  fires. 

No  repair  or  cleaning  of  the  live  parts  of  any  electrical  apparatus  except  mere 
wiping  or  oiling  shall  be  done  when  the  current  is  on. 

Gloves,  mats,  or  shoes,  of  india  rubber  or  other  nonconducting  material,  shall 
be  supplied  and  used  where  the  live  parts  of  switches  or  machines,  working  at  a  pres- 
sure exceeding  the  limits  of  low  pressure,  have  to  be  handled  for  the  purpose  of 
adjustment. 
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11.  A  competent  person  shall  be  on  duty  at  the  mine  when  the  electrical  appa- 
ratus or  machinery  is  in  use,  and  at  such  time  as  the  amount  of  electricity  delivered 
down  the  mine  exceeds  200  b.  h.  p.  a  competent  person  shall  be  on  duty  at  the  mine 
above  ground  and  another  below  ground.  Every  person  appointed  to  work  any 
electric  apparatus  shall  have  been  instructed  in  his  duty  and  be  competent  for  the 
work  that  he  is  set  to  do. 

12.  No  person  shall  wilfully  damage,  interfere  with,  or  without  proper  authority 
remove  or  render  useless  any  electric  line  or  any  machine,  apparatus  or  part  thereof, 
used  in  connection  with  the  supply  or  use  of  electricity. 

13.  Instructions  shall  be  posted  up  in  every  generating,  transforming,  and  motor 
house  containing  directions  as  to  the  restoration  of  persons  suffering  from  electric 
shock. 

14.  Direct  telephonic  or  other  equivalent  means  of  communication  shall  be  pro- 
vided between  the  surface  and  the  pit  bottom  or  main  distributing  center  in  the  pit. 

15.  Within  three  months  after  the  introduction  into  any  mine  of  electric  motive 
power,  notice  in  writing  must  be  sent  to  His  Majesty's  inspector  of  mines  for  the  dis- 
trict. Notice  must  also  be  sent  of  any  existing  electric  motive  pKJwer  installation  at 
any  mine  within  three  months  after  the  coming  into  force  of  these  rules. 

16.  A  plan  shall  be  kept  at  the  mine  showing  the  position  of  all  permanent  elec- 
trical machinery  and  cables  in  the  mine,  and  shall  be  corrected  as  often  as  may  be 
necessary  to  keep  it  up  to  a  date  not  more  than  three  months  previously. 

Section  II. — Generating  stations  and  machine  rooms 

1 .  Where  the  generating  station  under  the  control  of  the  owner  or  manager  of  the 
mine  is  not  within  400  yards  of  the  working  pit  mouth,  an  efficiently  inclosed  locked 
switch  box  or  boxes,  or  a  switch  house  shall,  where  reasonably  practicable,  be  provided 
near  the  pit  mouth  for  cutting  off  the  supply  of  electricity  to  the  mine. 

2.  There  shall  be  a  passageway  in  front  of  the  switchboard  of  not  less  than  3  feet  in 
width,  and  if  there  are  any  connections  at  the  back  of  the  switchboard,  any  passageway 
behind  the  switchboard  shall  not  be  less  than  3  feet  clear.  This  space  shall  not  be 
utilized  as  a  storeroom  or  a  lumber  room,  or  obstructed  in  any  manner  by  resistance 
frames,  meters,  or  otherwise.  If  space  is  required  for  resistance  frames  or  other  elec- 
trical apparatus  behind  the  board,  the  passageway  must  be  widened  accordingly. 

No  cable  shall  cross  the  passageway  at  the  back  of  the  board  except  below  the 
floor,  or  at  a  height  of  not  less  than  7  feet  above  the  floor. 

The  space  at  the  back  of  the  switchboards  shall  be  properly  floored,  accessible 
from  each  end,  and,  except  in  the  case  of  low-pressure  switchboards,  must  be  kept 
locked  up,  but  the  lock  must  allow  of  the  door  being  opened  from  the  inside  without 
the  use  of  a  key.     The  floor  at  the  back  shall  be  incombustible,  firm,  and  even. 

3.  Every  generator  shall  be  provided  with  a  switch  on  each  pole  between  the 
generator  and  the  bus  bars. 

Where  continuous-current  generators  are  paralleled,  reversed  current  cut-outs 
shall  be  provided. 

Suitable  instruments  shall  be  provided  for  measuring  the  current  and  pressure  of 
each  generator. 

Every  feeder  circuit  shall  at  its  origin  be  provided  with  an  ammeter. 

4.  If  the  transmission  lines  from  the  generating  station  to  the  pit  are  overhead, 
there  shall  be  lightning  arresters  in  connection  with  the  feeder  circuits. 

5.  Automatic  cut-outs  must  be  arranged  so  that  when  the  contact  lever  opens 
outward  no  danger  exists  of  striking  the  head  of  the  attendant.  If  unindosed  fuses 
are  used,  they  must  be  placed  within  2  feet  of  the  floor  or  be  otherwise  suitably 
protected. 

Where  the  supply  is  at  a  pressure  exceeding  the  limits  of  medium  pressure,  there 
shall  be  no  live  metal  work  on  the  front  of  the  main  switchboard  within  8  feet  of  the 
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floor  or  platform,  and  the  space  provided  under  rule  No.  2  of  this  section  shall  be  not 
less  than  4  feet  in  the  clear.  Insulating  floors  or  mats  shall  be  provided  for  medium- 
pressure  boards  where  live  metal  work  is  on  the  front  or  back. 

6.  All  terminals  and  live  metal  on  machines  over  medium  pressure  above  ground, 
and  over  low  pressure  underground,  where  practicable,  shall  be  protected  with  insu- 
lating covers  or  with  metal  covers  connected  to  earth. 

7.  No  person  other  than  an  authorized  person  shall  enter  a  machine  or  motor 
room,  or  interfere  with  the  working  of  any  machine,  motor,  or  apparatus  connected 
therewith. 

Section  UL— Cables 

1.  All  conductors  (except  as  hereinafter  provided)  shall  in  every  case  be  main- 
tained completely  insulated  from  earth,  but  it  is  permissible  to  use  the  concentric 
system  with  earthed  outer  conductor,  if  proper  arrangements  are  made  to  reduce  the 
danger  from  fire  or  shock  to  the  minimum,  but  the  neutral  point  of  polyphase  systems 
and  the  middle  wire  of  3-wire  continuous-current  systems  may  be  earthed  at  one 
point. 

2.  Unless  fixed  as  far  as  is  reasonably  practicable  out  of  reach  of  injury,  all 
conductors,  other  than  armored  cables,  must  further  be  protected  by  a  suitable  cov- 
ering. Where  lead-covered  cable  is  used  the  lead  shall  be  earthed  and  electrically 
continuous  throughout. 

The  exposed  ends  of  cables  where  they  enter  the  terminals  of  switches,  fuses,  and 
other  appliances  must  as  far  as  is  reasonably  practicable  be  properly  protected  and 
finished  off,  so  that  moisture  can  not  creep  along  the  insulating  material  within  the 
waterproof  sheet,  nor  can  the  insulating  material,  if  of  an  oily  nature,  leak  out  of 
the  cable. 

3.  All  joints  must  be  mechanically  and  electrically  efficient,  and,  where  reason- 
ably practicable,  must  be  suitably  soldered.  In  any  place  or  part  of  a  mine  where 
general  rule  No.  8  of  the  coal  mines  regulation  act,  1887,  applies,  suitable  joint  boxes 
must  be  used,  and  the  conductors  connected  by  means  of  metal  screw  clamps,  con- 
nectors, or  their  equivalent,  constructed  in  a  safe  manner.  Provided,  that  in  any 
place  or  part  of  a  mine  where  a  shot  may  be  fired,  joints  may  be  soldered  by  or  in 
the  presence  of  a  person  authorized  in  that  behalf  by  the  manager,  but  the  same  pre- 
cautions in  regard  to  examination  and  removal  of  workmen  as  are  prescribed  by 
paragraphs  (/)  and  (i)  of  general  rule  No.  12  shall  be  observed  in  all  cases,  and  where 
the  place  is  dry  and  dusty,  also  the  precautions  as  to  watering  prescribed  by  para- 
graph (A).  Wires,  other  than  signaling  wires  or  cables,  must  not  be  joined  by  merely 
twisting  them  together. 

4.  Overhead  bare  wires  on  the  surface  must  be  efficiently  supported  upon  insu- 
lators and  clear  of  any  traffic,  and  provided  with  efficient  lightning  arresters. 

5.  All  cables  used  in  shafts  must  be  highly  insulated  and  substantially  fixed. 
Shaft  cables,  not  capable  of  sustaining  their  own  weight,  shall  be  properly  supported 
at  intervals,  varying  according  to  the  weight  of  the  cable.  Where  the  cables  are  not 
completely  boxed  in  and  protected  from  falling  material,  space  shall  be  left  between 
them  and  the  side  of  the  shaft  that  they  may  yield,  and  so  lessen  a  blow  given  by 
falling  material. 

6.  Where  the  cables  in  main  haulage  roads  can  not  be  kept  at  least  i  foot  from 
any  part  of  the  tub  or  tram,  they  shall  be  specially  protected.  When  separate  cables 
are  used  they  shall,  if  reasonably  practicable,  be  fixed  on  opposite  sides  of  the  road. 

The  fixing  with  metallic  fastenings  of  cables  and  wires  not  provided  with  metal- 
lic covering  to  walls  or  timbers  is  prohibited. 

Cables  underground,  when  suspended,  shall  be  suspended  by  leather  or  other 
flexible  material  in  such  a  manner  as  to  allow  of  their  readily  breaking  away  when 
struck  before  the  cables  themselves  can  be  seriously  damaged. 
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Where  main  or  other  roads  are  being  repaired  or  blasting  is  being  carried  out, 
suitable  temporary  protection  must  be  used  so  that  the  cables  are  reasonably  protected 
from  damage. 

7.  Trailing  cables  for  portable  machines  shall  be  specially  flexible,  heavily  insu- 
lated, and  protected  with  either  galvanized  steel  wire  armoring,  extra  stout  braid- 
ing, hose  pipe,  or  other  effective  covering.  Trailing  cables  shall  be  examined  at  least 
once  in  each  shift  by  the  person  in  charge  of  the  machine  and  any  defects  in  them 
promptly  repaired. 

At  points  where  the  flexible  conductors  are  joined  to  the  main  cables  a  fixed 
terminal  box  must  be  provided,  and  a  switch  shall  be  fixed  close  to  or  in  the  terminal 
box  capable  of  entirely  cutting  off  the  supply  from  the  terminal  box  and  motor. 

Section  IV. — Switches,  fuses,  and  cut-outs 

1.  Fuses  and  automatic  cut-outs  shall  be  so  constructed  as  effectually  to  inter- 
rupt the  current  when  a  short  circuit  occurs  or  when  the  current  through  them 
exceeds  the  working  current  by  200  per  cent.  Fuses  shall  be  stamped  or  marked 
or  shall  have  a  label  attached  indicating  the  current  with  which  they  are  intended 
to  be  used,  or  where  fuse  wire  is  used  each  coil  in  use  shall  be  so  stamped  or  labeled. 
Fuses^hall  only  be  adjusted  or  replaced  by  an  authorized  person. 

2.  All  live  parts  of  switches,  fuses,  and  cut-outs  not  in  machine  rooms,  or  in 
compartments  specially  arranged  for  the  purpose  must  be  covered.  These  coven 
must  be  of  ihcombustible  material  and  must  be  either  nonconducting  or  of  rigid 
metal  and,  as  far  as  practicable,  clear  of  all  internal  mechanism. 

3.  All  points  at  which  a  circuit  other  than  those  for  signals  has  to  be  made  or 
broken  shall  be  fitted  with  proper  switches.  The  use  of  hooks  or  other  makeshifts 
is  prohibited,  and  in  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal 
mines  regulation  act,  1887,  applies,  the  use  of  open-type  switches,  fuses,  and  cut- 
outs is  prohibited.    They  must  either  be  inclosed  in  gas-tight  boxes  or  break  imder  oil. 

Section  V. — Motors 

1 .  All  motors,  together  with  their  starting  resistances,  shall  be  protected  by  switches 
capable  of  entirely  cutting  off  the  pressure,  and  fixed  in  a  convenient  position  near  the 
motor  and  every  motor  of  lo-brake  horsepower  or  over  in  a  machine  room  underground 
shall  be  provided  with  a  suitable  ammeter  to  indicate  the  load  put  upon  the  machine. 

2.  Where  unarmored  cables  or  wires  pass  through  metal  frames  or  into  boxes  or 
motor  casings,  the  holes  must  be  substantially  bushed  with  insulating  bushes,  and 
where  necessary,  with  gas-tight  bushings  which  can  not  readily  become  displaced. 

3.  Terminal  boxes  of  portable  motors  must  be  securely  attached  to  the  machine, 
or  be  designed  to  form  a  part  thereof. 

4.  In  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal  mines  regu- 
lation act,  1887,  applies,  all  motors,  unless  placed  in  such  rooms  as  are  separately 
ventilated  with  intake  air,  shall  have  all  their  current-carrying  parts,  also  their 
starters,  terminals,  and  connections  completely  inclosed  in  flame-tight  inclosures, 
made  of  uninflammable  material  and  of  sufficient  strength  as  not  to  be  liable  to  be 
damaged  should  an  explosion  of  fire  damp  occur  in  the  interior,  and  such  indosures 
shall  not  be  opened  except  by  an  authorized  person,  and  then  only  when  the  current 
is  switched  off.     The  pressure  shall  not  be  switched  on  while  the  indosures  are  open. 

5.  In  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal  mines  regula- 
tion act,  1887,  applies,  a  safety  lamp  or  other  suitable  apparatus  for  the  detection  of 
fire  damp  shall  be  provided  for  use  with  each  machine  when  working,  and  should  any 
indication  of  fire  damp  appear  on  the  flame  of  the  safety  lamp  or  other  apparatus  used 
for  the  detection  of  fire  damp,  the  person  in  charge  shall  immediatdy  stop  the  machine, 
cut  off  the  current  at  the  gate  end  or  nearest  switch,  and  report  the  matter  to  an  offidal 
of  the  mine. 
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6.  (a)  A  coal-cutter  motor  shall  not  be  kept  continuously  at  work  for  a  period  of 
time  exceeding  a  maximum  period  which  shall  be  specified  in  writing  by  the  manager, 
so  that  the  roof  may  be  carefully  examined. 

(b)  The  casing  or  inspection  doors  of  all  portable  motors  used  underground  and 
the  casings  of  their  switches  and  other  appliances  shall  at  least  once  a  week  be 
opened  by  a  competent  person  appointed  by  the  manager,  and  the  parts  so  disclosed 
shall  be  cleaned  and  examined  before  the  coverings  are  replaced.  In  special  cases 
requiring  a  motor  to  run  continuously  longer  than  one  week,  the  motor  shall  be 
examined  at  the  end  of  the  run.  A  report  of  such  examination  shall  be  entered  in  a 
report  book. 

7.  The  person  in  charge  of  a  coal-cutter  or  drilling  machine  shall  not  leave  the 
machine  while  it  is  working,  and  shall,  before  leaving  the  working  place,  see  that  the 
current  is  cut  off  from  the  trailing  cables.  He  must  not  allow  the  cables  to  be  dragged 
along  by  the  machine.  No  repairs  shall  be  made  to  any  portable  machine  until  the 
pressure  has  been  cut  off  from  the  trailing  cables. 

8.  If  any  electric  sparking  or  arc  be  produced  outside  a  coal-cutting  or  other 
portable  motor  or  by  the  cables  or  rails,  the  machine  shall  be  stopped,  and  not  be 
worked  again  until  the  defect  is  repaired,  and  the  occurrence  shall  be  reported  to  an 
official  of  the  mine. 

Sbction  VI. — Electric  locomotives 

1.  Electric  haulage  by  locomotives  by  the  trolley- wire  system  is  not  permissible 
in  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal  mines  regulation  act, 
1887,  applies.  On  this  system  no  pressure  exceeding  the  limits  of  medium  pressure 
may  be  employed. 

2.  In  underground  roads  the  trolley  wires  must  be  placed  so  that  they  are  at 
least  7  feet  above  the  level  of  the  road  or  track,  or  elsewhere,  if  sufficiently  guarded,  or 
the  pressure  must  be  cut  off  from  the  wires  during  such  hours  as  the  roads  are  used  for 
traveling  on  foot  in  places  where  trolley  wires  are  fixed.  The  hours  during  which 
traveling  on  foot  is  permitted  shall  be  clearly  indicated  by  notices  and  signals  placed 
in  a  conspicuous  position  at  the  ends  of  the  roads.  At  other  times  no  one  other  than  a 
duly  authorized  person  shall  be  permitted  to  travel  on  foot  along  the  road. 

On  this  system  either  insulated  returns  or  uninsulated  metallic  returns  of  low 
resistance  may  be  employed. 

3.  In  order  to  prevent  any  other  part  of  the  system  being  earthed  (except  when 
the  concentric  system  with  earthed  outer  conductor  is  used)  the  current  supplied  for 
use  on  the  trolley  wires  with  an  uninsulated  return  shall  be  generated  by  a  separate 
machine,  and  shall  not  be  taken  from  or  be  in  connection  with  electric  lines  otherwise 
completely  insulated  from  earth. 

4.  If  storage-battery  locomotives  are  used  in  any  place  or  part  of  a  mine  where 
general  rule  No.  8  of  the  coal  mines  regulation  act,  1887,  applies,  the  rules  applying 
to  motors  in  such  places  shall  also  be  deemed  to  apply  to  the  boxes  containing  the 
cells. 

Section  VII. — Electric  lighting 

1.  All  arc  lamps  shall  be  so  guarded  as  to  prevent  pieces  of  ignited  carbon 
falling  from  them,  and  shall  not  be  used  in  situations  where  there  is  likely  to  be  danger 
from  the  presence  of  coal  dust.  They  should  be  so  screened  as  to  prevent  risk  of 
contact  with  persons. 

2.  Small  wires  for  lighting  circuits  must  be  either  conveyed  in  pipes  or  casings, 
or  suspended  from  porcelain  insulators,  or  tied  to  them  with  some  nonconducting 
material  which  will  not  cut  the  covering  and  so  that  they  do  not  touch  any  timbering 
or  metal  work.  On  no  account  must  staples  be  used.  If  metallic  pipes  are  used, 
they  must  be  electrically  continuous  and  earthed.  If  separate  uncased  wires  are 
used,  they  must  be  kept  at  least  2  inches  apart  and  not  brought  together  except  at 
lamps  or  switches  or  fittings. 
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3.  In  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal  mines  regu- 
ation  act,  1887,  applies,  electrical  lamps,  if  used,  must  be  of  the  vacuum  or  inclosed 
type;  they  shall  be  protected  by  gas-tight  fittings  of  strong  glass,  and  have  no  flexible 
cord  connections,  and  shall  only  be  changed  by  a  duly  authorized  competent  person. 
While  the  lamps  are  being  changed  the  current  shall  be  switched  oflF. 

4.  In  all  machine  rooms  and  other  places  underground  where  a  failure  of  electric 
light  is  likely  to  cause  danger,  some  safety  lamps,  or  other  proper  lights,  shall  be  kept 
for  use  in  the  event  of  such  failure. 

Section  VIII. — Shot  firing 

I.  Electricity  from  lighting  or  power  cables  shall  not  be  used  for  firing  shots, 
except  in  sinking  shafts  or  stone  drifts,  and  then  only  when  a  special  firing  plug,  but- 
ton, or  switch  is  provided,  which  plug,  button,  or  switch  shall  be  placed  in  a  fixed 
locked  box,  and  shall  only  be  accessible  to  the  authorized  shot  firer. 

The  firing  cables  or  wires  shall  not  be  connected  to  this  box  until  immediately 
before  it  is  required  for  the  firing  of  shots,  and  shall  be  disconnected  immediately 
after  the  shots  are  fired. 

When  shot-firing  cables  or  wires  are  used  in  the  vicinity  of  power  or  lighting 
cables,  sufficient  precautions  shall  be  taken  to  prevent  the  shot-firing  cables  or 
wires  from  coming  in  contact  with  the  lighting  or  power  cables. 

The  foregoing  rules  shall  not  apply  to  telephone,  telegraph,  and  signal  wires, 
to  which  the  rules  of  this  section  only  shall  apply. 

Section  IX. — Signaling 

1.  All  proper  precautions  must  be  taken  to  prevent  electric  signal  and  telephone 
wires  from  coming  into  contact  with  other  electric  conductors,  whether  insulated 
or  not. 

2.  Contact  makers  or  push  buttons  of  electric  signaling  circuits  shall  be  so 
constructed  and  placed  as  to  prevent  the  circuit  being  accidentally  closed. 

3.  In  any  place  or  part  of  a  mine  where  general  rule  No.  8  of  the  coal  mines 
regulation  act,  1887,  applies,  bare  wires  shall  not  be  used  for  signaling  circuits 
except  in  haulage  roads,  and  the  pressure  shall  not  exceed  15  volts  in  any  one 

circuit. 

Section  X. — Electric  relighting  of  safety  lamps 

I.  In  mines  to  any  place  or  part  of  which  general  rule  No.  8  of  the  coed  mines 
regulation  act,  1887,  applies,  when  safety  lamps  are  relighted  underground  by  elec- 
tricity, the  manager  shall  select  a  suitable  station  or  stations,  which  are  not  in  the 
return  air  way,  and  in  which  there  is  not  likely  to  be  any  accumulation  of  inflam- 
mable gas;  and  no  electric  relighting  apparatus  shall  be  used  in  any  other  place. 
All  electrical  relighting  apparatus  shall  be  securely  locked,  so  as  not  to  be  available 
for  use  except  by  persons  authorized  by  the  manager  to  relight  safety  lamps,  and 
such  persons  shall  examine  all  safety  lamps  brought  for  relighting  before  they  are 

reissued. 

Section  XI. — Exemptions  and  miscellaneous 

1.  Notwithstanding  anything  contained  in  these  rules,  any  electrical  plant  or 
apparatus  installed  or  in  use  before  the  coming  into  force  of  these  rules,  may  be 
continued  in  use  unless  an  inspector  shall  otherwise  direct,  or  subject  to  any  condi- 
tions affecting  safety  that  he  may  prescribe. 

In  case  any  difference  of  opinion  shall  arise  between  an  inspector  and  an  owner 
under  this  rule,  the  same  shall  be  settled  as  provided  in  section  42  of  the  coal  mines 
regulation  act,  1887. 

2.  Any  of  the  foregoing  requirements  shall  not  apply  in  any  case  in  which 
exemption  is  obtained  from  the  Secretary  of  State,  on  the  ground  either  of  emer- 
gency or  special  circumstances,  on  such  conditions  as  the  Secretary  of  State  may 
prescribe. 
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BELGIUM 

The  following  law  is  in  effect  in  Belgium: 

ADMINISTRATIVE  DIRECTIONS  AND  RULES  REGARDING  THE  USE  OP 
ELECTRICITY,  IN  FORCE  FROM  JANUARY  i,  1909 

Brussels,  1909 

Sbction  C  (pp.  70-77) 

Supplementary  conditions  relating  to  electrical  installations  placed  in  the  tmder- 
ground  workings  of  mines  and  quarries,  and  in  their  surface  premises;  in  open  quarries 
and  establishments  regulated  by  the  law  of  April  21,  19 10,  and  their  premises. 

A . — General  arrangemetUs 

Articlb  I.  When  the  machines  are  installed  in  places  not  intended  for  labor, 
access  to  those  places  shall  be  forbidden  to  persons  who  are  not  called  there  by  their 
duties. 

Art.  2.  Wheel  and  pulley  pits  as  well  as  moving  parts  of  machines  and  of  accessory 
apparatus  shall  be  always  surrounded  by  guards  having  supports  fit  to  protect 
employees  against  accidents.  Gears,  and  in  a  general  way,  movable  pieces  which 
might  cause  accidents,  shall  be  incased  and  surrounded  in  a  way  to  avoid  all  danger. 

Art.  3.  It  is  forbidden  to  clean  or  repair  machines  and  gearing  while  in  operation, 
or  to  take  off  attachments  for  protection  against  accidents.  Also,  oiling  during  oper- 
ation is  forbidden,  unless  the  methods  adopted  give  every  desired  guaranty  of  safety. 

Art.  4.  Manways  shall  have  such  width  and  height  that  the  workmen  can  not 
be  struck  by  machines  and  parts  with  which  they  might  come  in  contact. 

Art.  5.  Illumination  shall  always  be  sufficient  to  permit  the  distinguishing  of 
machines,  transmission  devices,  and  all  those  parts  of  the  installation  that  present 
danger. 

Art.  6.  It  is  forbidden  to  place  combustible,  inflammable,  or  explosive  materials 
near  electrical  machines  and  their  subsidiary  apparatus. 

Art.  7.  At  least  once  a  year  a  competent  agent  shall  make  a  detailed  inspection 
of  all  parts  of  electrical  installations  and  shall  measure  the  insulation  resistances, 
except  of  those  installed  in  underground  workings,  for  which  there  are  special  direc- 
tions. The  results  of  these  visits  and  of  the  measurements  taken  shall  be  recorded 
on  a  special  register.  This  register  shall  be  offered  at  every  requisition  of  the  officials 
charged  with  supervision. 

Art.  8.  Before  any  electric  installation  begins  work  and  after  any  addition  or 
important  change  to  a  plant,  the  visiting  agent  shall  assure  himself  that  it  entirely 
complies  with  the  prescriptions  imposed  by  the  permit  authorizing  it,  and  shall  write, 
in  the  register  mentioned  in  the  preceding  article,  the  result  of  his  observation. 
Before  each  starting  of  every  apparatus  the  persons  in  charge  shall  make  sure  that 
everything  is  in  order. 

Art.  9.  The  care  and  maintenance  of  electrical  apparatus  shall  not  be  intrusted 
to  other  than  experienced  agents. 

Art.  10.  The  special  rules  adopted  with  a  view  to  assuring  safety  and  the  direc- 
tions concerning  first  aid  to  victims  of  electricity  shall  be  posted  on  the  premises  of 
the  electric  service. 
42398^—10 
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B. — special  regukUions  concerning  the  instaUation  of  electric  appliances  in  the  under- 
ground workings  of  mines  and  quarries  and  their  surface  premises 

UNDERGROUND   WORKINGS 

I.  Places  where  gas  is  not  to  be  feared,  including  gaseous  mines  of  the  first  and  second 


ArticlB  I.  Bare  conductors  must  not  be  installed  in  underground  Workings, 
except  for  electric  traction  by  direct  current;  and  in  this  case  they  must  be  placed  at 
least  two  meters  above  the  level  of  the  flange  of  the  rail.  The  tension  between  these  con- 
ductors and  the  rail  must  not  exceed  250  volts. 

The  tension  may  reach  500  volts  in  galleries  not  traversed  by  the  personnel. 

Art.  2.  Flexible  cables,  intended  to  connect  removable  apparatus,  must  have  an 
insulation  equal  to  500  megohms  and  must  be  covered  by  a  resistant  cover,  protected 
by  a  close  plaiting  of  steel  wire,  grounded. 

The  maximum  tension  between  two  conductors  in  the  same  cable  shall  be  250 
volts.     This  regulation  does  not  apply  to  the  armored  cables  leading  to  sinking  pumps. 

Art.  — .  Cables  with  single  or  multiple  conductors,  intended  for  lighting,  shall 
have  an  insulation  corresponding  to  500  megohms  and  must  be  covered  by  a  dose 
plaiting  of  steel  wire,  grounded.  The  maximum  tension  allowed  between  the  two 
conductors  of  these  cables  is  1 10  volts. 

Art.  — .  The  secondary  conductors  and  the  bar  forming  parts  of  the  switchboards 
shall  be  bare.  The  conductors  connecting  the  machinery  with  the  switchboards  and 
with  rheostats  or  circuit  breakers  must  be  lead  covered  and  armored  cables. 

Art.  — .  The  principal  cables  must  be  lead  covered  and  armored  by  steel  wire. 
The  protection  of  these  cables  shall  be  grounded  and  protected  against  dampness  by 
an  impregnated  covering. 

Nevertheless,  in  galleries,  the  inclination  of  which  does  not  exceed  45  degrees,  the 
protective  cover  can  be  made  of  hoop  iron.  The  lead  cover  is  not  obligatory  for  the 
movable  cables  of  shafts  that  are  being  sunk.  The  cables  must  be  tested,  after  plac- 
ing, under  at  least  1.5  times  their  working  tension.  An  official  statement  will  be  made 
of  these  tests. 

These  cables  may  be  put  in  air  shafts  or  working  shafts.  In  the  shafts  they  must 
be  fastened  to  metallic  supports  (grips,  jaws,  etc.)  at  maximum  distances  of  6  meters. 
Between  these  supports  and  the  cable  split  spools  of  wood  or  impregnated  doth  can 
be  placed. 

Art.  — .  All  return  of  currents  by  the  ground  is  prohibited,  except  for  traction. 

Art.  — .  In  the  underground  portions  of  electrical  installations  the  use  of  fuses 
is  prohibited.  This  rule  may  be  modified  for  motors  or  movable  apparatus;  also  for 
those  intended  for  temporary  use,  for  motors  of  the  character  of  accessory  appliances 
(brakes,  slowing-down  devices,  etc.),'  and  for  lighting  installations.  In  these  cases 
ordinary  fuses  can  be  used,  incased  in  £ur-tight  covers.    . 

Art.  8.  In  measuring  apparatus  for  alternating  current  the  tension  is  limited  to 
no  volts.  ^ 

Art.  — .  Incandescent  vacuum  lamps,  the  only  ones  allowed  in  underground 
workings,  shall  be  fixed.  They  must  be  incased,  including  their  sockets,  in  thick, 
hermetically  sealed  glass  globes,  these  globes  being  protected  by  metal  wire  network. 
Nevertheless,  the  use  of  movable  lamps  is  allowed  for  the  examination  of  machines, 
wheel  pits,  foundations,  etc.,  under  condition  that  the  filaments  are  protected,  as  pre- 
viously described,  and  the  cable  which  feeds  them  conforms  with  the  regulations  of 
article  2. 

II.  Places  where  gas  is  to  be  feared.     (Gaseous  mines  of  first  and  second  dass) 

Art.  zo.  The  administration  in  each  particular  dass  will  determine  the  measures 
to  be  taken  to  insure  safety  in  places  where  gas  is  to  be  feared,  unless  the  regulations 
of  Artide  1 1  are  not  observed  there. 
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III.  Mines  with  instantaneous  outbursts  of  gas,  or  gaseous  mines  of  the  third  class 

Art.  — .  The  only  electrical  installations  allowed  in  mines  subject  to  instantaneous 
outbursts  of  gas  are  those  which,  stripped  of  all  accessories,  consist  of  a  motor  without 
commutator  directly  connected  with  the  cable  coming  from  the  surface. 

Operating  must  be  done  at  the  surface  and  ordered  from  below  by  telephone. 

The  room  in  which  the  motor  is  to  be  placed  must  be  ventilated  by  a  current  of 
fresh  air  going  directly  to  the  up-cast. 

The  cables  must  conform  to  the  regulations  in  article  5.  When  the  cables  are 
placctl  into  the  up-cast  shafts  there  shall  be  no  junction  boxes  in  these  shafts.  These 
boxes  must  be  eventually  placed  in  galleries  taking  air  directly  from  the  down-cast 
shafts. 

In  galleries  where  the  walls  are  not  continuous  and  incombustible,  the  cables 
must  be  underground  at  a  depth  of  at  least  30  centimeters,  in  a  bed  of  sand  covered 
with  a  layer  of  bricks,  if  another  equivalent  arrangement  is  not  adopted. 

IV.  Ventilation,  supervising  and  maintenance 

Art.  12.  The  electric  generator  motors  and  transmitters  must  be  installed  in 
dry  and  well  ventilated  places.  The  temperature  of  these  places  must  not  exceed 
25**  C. 

Art.  13.  In  conveniently  selected  places,  a  sufficient  number  of  ordinary  lamps, 
lighted,  or  portable  electric  lamps  must  be  kept,  in  order  to  assure,  in  case  of  an 
accidental  interruption  of  the  usual  electric  lighting,  the  retreat  of  the  workmen  and 
the  execution  of  the  various  manipulations. 

Art.  14.  In  gaseous  mines,  ordinary  safety  lamps  shall  be  placed  at  the  dis- 
posal of  the  personnel  at  all  points  where  their  presence  shall  be  deemed  necessary. 

Art.  15.  The  walls  of  the  underground  galleries  and  chambers,  where  electric 
apparatus  shall  be  kept,  must  be  rigorously  watched  and  maintained.  In  gaseous 
workings  the  atmosphere  must  be  examined  by  the  watchmen  at  each  round  and  by 
the  special  workmen  charged  with  the  operation  and  inspection  of  the  said  apparatus 
at  frequent  intervals,  in  order  to  assure  against  the  eventual  formation  of  a  combustible 
mixture.  If  the  presence  of  such  a  mixture  is  established,  the  electric  appliances 
shall  stop  running. 

Art.  16.  Underground  electrical  installations  must  be  inspected  at  least  once 
every  week  by  a  competent  employe,  who  shall  satisfy  himself  that  they  are  in  good 
condition. 

At  least  once  a  month,  the  insulation  of  all  the  parts  of  the  installation  must  t>e 
measured. 

The  results  of  these  inspections  and  of  these  measurements  shall  be  recorded 
in  a  record  book  kept  at  the  disposal  of  the  officials  in  charge  of  the  supervision. 

Art.  17.  In  the  surface  premises  of  underground  workings  high  tension  electric 
power  transmission  must  be  exclusively  by  lead  covered  armored  cables. 

Art.  18.  The  motors  installed  in  the  surface  premises  mentioned  in  article  41 
of  the  Royal  Edict  of  April  20,  1885,  concerning  the  police  service  of  mines,  shall 
conform  to  the  regulations  of  the  first  paragraph  of  article  11. 

Art.  19.  In  the  same  premises,  electric  lighting  can  be  installed  conditional  to 
satisfying  regulations  of  articles  3  and  9,  and  not  placing  there  any  apparatus. 

Section  D. — Employment  of  portable  electric  lamps  in  gaseous  mines 

Portable  incandescent  lamps  shall  satisfy  the  following  conditions* 
(a)  The  filaments  must  be  surrounded  by  globes  of  thick  glass,  hermetically  sealed. 
(h)  The  boxes  containing  the  cells  must  be  impermeable. 

(c)  Some  arrangement  must  be  made  to  prevent  the  removal  of  the  globes  and 
the  opening  of  the  boxes  within  the  workings. 
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{d)  The  contacts  must  be  in  a  closed  box. 

(e)  The  binding  screws  of  the  batteries  shall  be  situated  so  as  to  be  inaccessible 
when  the  lamp  is  in  service. 

Art.  2.  Ordinary  safety  lamps  must  be  placed  at  the  disposal  of  the  personnel 
at  all  points  where  their  presence  shall  be  deemed  necessary. 

Art.  3.  The  care  and  maintenance  of  electric  lamps  can  be  intrusted  only  to 
experienced  workmen,  especially  assigned  to  supervision. 

NEW  SOUTH  WALES 

The  following  law  is  in  force  in  New  South  Wales: 

SPECIAL  RULES  T^OR  THE  INSTALLATION   AND   USE  OF 
ELECTRICITY 

The  following  rules  shall  be  observed,  as  far  as  is  reasonably  practicable,  in  the 
mine: 

DEFINITIONS 

The  expression  "pressure"  means  the  difference  of  electrical  potential  between 
any  two  conductors  through  which  a  supply  of  energy  is  given,  or  between  any  part 
of  either  conductor  and  earth,  as  read  by  a  hot  wire  or  electrostatic  volt-meter;  and — 

(a)  Where  the  conditions  of  the  supply  are  such  that  the  pressure  at  the  ter- 

minals where  the  electricity  is  used  can  not  exceed  250  volts,  the  supply 
shall  be  deemed  a  low-pressure  supply. 

(b)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 

where  the  electricity  is  used,  between  any  two  conductors,  or  between  one 
conductor  and  earth,  may  at  any  time  exceed  250  volts,  but  can  not  exceed 
650  volts,  the  supply  shall  be  deemed  a  medium-pressure  supply. 

(c)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 

where  the  electricity  is  used,  between  any  two  conductors,  or  between  one 
conductor  and  earth,  may  at  any  time  exceed  650  volts,  but  can  not  exceed 
3,000  volts,  the  supply  shall  be  deemed  a  high-pressure  supply. 

(</)  Where  the  conditions  of  supply  are  such  that  the  pressure  at  the  terminals 
where  the  electricity  is  used,  between  any  two  conductors,  or  between  one 
conductor  and  earth,  may  at  any  time  exceed  3,000  volts,  the  supply  shall 
be  deemed  an  extra  high-pressure  supply. 

The  expression  "the  minimum"  signifies  the  least  reasonably  possible  to  be 
attained,  by  the  proper  use  of  the  means  from  time  to  time  known  and  available,  so  as 
to  secure  safety,  with  efficiency. 

The  expression  "A  gassy  place"  means  any  place  which  is  either — 

(a)  Any  place,  or  part  of  a  mine,  where  general  rule  8,  of  section  47  of  the  coal 
mines  regulation  act,  1902,  applies;  or 

(6)  Any  place  or  part  of  a  mine  where  any  quantity,  however  small  (capable  of 
being  detected  by  an  ordinary  safety-lamp),  of  inflammable  gas  has  been 
given  oflF  within  the  previous  six  months;  or 

(c)  Any  working  which  is  within  20  yards  of,  or  is  being  advanced  toward,  any 
locality  where  it  is  doubtful  whether  or  not  there  may  be  an  accumulation 
of  inflammable  gas,  or  any  place  in  the  same  district  on  the  return  airway 
side  of  such  working. 

Gbnbral. 

I.  All  electrical  apparatus  and  conductors  shall  be  sufficient  in  size  and  power 
for  the  work  they  may  be  called  upon  to  do,  and  efficiently  covered  or  safeguarded, 
and  so  installed,  worked,  and  maintained,  as  to  reduce  the  danger,  through  accidental 
shock  or  fire  or  over-heating,  to  the  minimum,  and  shall  be  of  such  construction,  and 


Digitized  by 


Google 


Standardization  of  Electrical  Practice  in  Mines  83 

so  worked,  that  the  rise  in  temperature  caused  by  ordinary  working  will  not  injure 
the  insulating  materials. 

In  any  gassy  place,  the  covering  shall  be  constructed  so  that  there  is  no  danger 
of  firing  gas  by  sparking  or  flashing  which  may  occur  during  the  normal  or  abnormal 
working  of  the  apparatus. 

All  metallic  coverings,  armoring  of  cables,  and  the  frames  and  bedplates  of 
generators,  transformers,  and  motors  other  than  portable  motors,  shall  be  efficiently 
earthed,  if  the  pressure  at  the  terminals  where  the  electricity  is  used  exceeds  the 
limits  of  low  pressure. 

2.  Where  a  medium-pressure  sftpply  is  used  for  power  purposes,  or  for  arc  or 
incandescent  lamps  in  series,  the  conductors  which  form  the  connections  to  the 
motors,  transformers,  or  lamps,  or  are  otherwise  used  in  connection  with  the  supply, 
shall  be  completely  inclosed  in  strong  armoring  or  metal  casing  efficiently  connected 
with  earth;  or  they  shall  be  fixed  at  such  a  distance  apart,  or  in  such  a  manner,  that 
danger  from  fire  or  shock  shall  be  reduced  to  the  minimum.  This  rule  shall  not  apply 
to  trailing  cables,  which  are  dealt  with  under  rules  34  to  41. 

3.  Motors  of  coal-cutting  and  other  portable  machines  shall  not  be  used  at  a 
pressure  higher  than  a  medium  pressure. 

4.  A  higher  pressure  than  a  medium  pressure  shall  not  be  used  underground  except 
for  transmission,  and  shall  then  be  applied  only  to  transformers  and  induction  motors 
in  which  the  whole  of  the  high-pressure  circuit  is  stationary. 

The  high-pressure  conductors  (other  than  overhead  lines  above  ground)  which 
form  the  connections  of  such  motors  or  transformers,  or  are  otherwise  used  in  connec- 
tion with  the  supply,  shall  be  completely  inclosed  in  a  strong  armoring  or  metal 
casing  efficiently  connected  with  earth;  or  they  shall  be  fixed  at  such  a  distance 
apart,  or  in  such  a  manner,  that  danger  from  fire  or  shock  shall  be  reduced  to  the 
minimum. 

All  high-pressure  machines,  apparatus,  and  lines,  shall  be  so  marked  by  the  use 
of  the  word  "  Danger"  at  frequent  intervals,  or  by  red  paint  properly  renewed  when 
necessary,  or  in  some  other  conspicuous  manner,  as  to  clearly  indicate  that  they 
are  high  pressure. 

For  work  underground,  when  furnished  with  current  at  a  pressure  higher  than  intaUtton  teit 
medium  pressure,  a  transformer  shall  not  be  of  less  normal  rating  than  10  kilowatts,  JJ^© '*'*'*  *' 
nor  shall  a  motor  be  of  less  normal  rating  than  20  brake  horsepower. 

5.  In  any  gassy  place  a  higher  pressure  than  a  medium  pressure  shall  not  be 
transmitted  beyond  the  in-bye  ends  of  the  main  intake  air  ways;  and  all  motors, 
transformers,  and  other  apparatus  connected  with  such  higher  pressure  supply  must 
be  placed  in  suitable  chambers  ventilated  by  intake  air. 

6.  A  test  of  the  insulation  of  every  complete  lighting  and  power  circuit,  including 
all  machinery,  apparatus,  and  devices  forming  part  of  or  in  connection  with  such 
circuit  (either  collectively  or  in  parts),  shall  be  taken  at  least  once  a  month;  and  a 
record  of  such  test  shall  be  made  and  signed  by  the  person  making  the  test,  in  a  book 
kept  for  the  purpose.  The  insulation  of  every  such  circuit  shall  be  so  maintained 
that  the  leakage  current  shall  not  exceed  yj^iy  of  the  maximum  supply  current,  and 
in  the  event  of  the  leakage  current  exceeding  this  maximum,  suitable  steps  shall  be 
taken  at  once  to  localize  and  remedy  the  leakage. 

7.  In  every  completely  insulated  circuit,  earth  or  fault  detectors  shall  be  kept 
connected  up  in  every  generating  and  transforming  station  to  show  immediately 
any  defect  in  the  insulation  of  the  system.  These  instruments  shall  be  inspected 
daily  by  a  competent  person. 

8.  Main  and  distribution  switch  and  fuse  boards  shall  be  made  of  incombustible 
insulating  material,  such  as  marble  or  slate  free  from  metallic  veins,  and  be  fixed  in 
as  dry  a  situation  as  practicable. 
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9.  Every  subcircuit  shall  be  protected  by  a  fuse  on  each  pole,  except  in  the  case 
of  the  earthed  middle  wire  of  a  3-wire  system,  in  which  case  the  fuses  may  be  on  the 
outers  only.  Every  circuit  having  a  current  of  more  than  5  amperes  at  any  pressure 
up  to  1 25  volts,  or  3  amperes  at  any  pressure  above  1 25  volts,  must  be  protected  by 
one  of  the  following  alternative  methods: 

(a)  By  an  automatic  maximum-current  circuit  breaker  on  each  pole. 
(6)  By  a  detachable  fuse  on  each  pole,  constructed  in  such  a  manner  that  it  can 
be  removed  from  a  live  circuit  with  the  minimum  risk  of  shock. 
(c)  By  a  switch  and  fuse  on  each  pole. 

10.  No  repair  or  cleaning  of  the  live  parts  of  any  electrical  apparatus,  except 
mere  wiping  or  oiling,  shall  be  done  when  the  current  is  on. 

Where  the  live  parts  of  switches  or  machines  working  at  a  pressure  exceeding 
the  limits  of  low  pressure  may  have  to  be  handled  for  the  purpose  of  adjustment 
or  for  such  wiping  or  oiling,  gloves,  mats,  or  shoes  of  India  rubber  or  other  non- 
conducting material  shall  be  supplied  by  the  manager  and  shall  be  used  by  the 
attendants. 

11.  Where  electricity  is  used  below  ground  for  power  or  lighting  purposes,  there 
shall  be  employed  a  competent  person,  who  shall  be  subject  to  the  authority  of  the 
manager,  and  in  his  absence  the  under  manager,  and  shall  have  charge  of  all  electrical 
machinery  and  apparatus  in  or  about  the  mine  and  who  is  in  these  rules  called  the 
electrician. 

The  electrician  or»some  other  competent  person  shall  be  on  duty  at  the  mine 
when  the  electrical  apparatus  or  machinery  is  in  use. 

Every  person  appointed  to  work  any  electric  apparatus  shall  have  been  instructed 
in  his  duty  and  be  competent  for  the  work  that  he  is  set  to  do. 

12.  No  person  other  than  an  authorized  person  shall  enter  a  machine  room  or 
motor  room,  and  no  person  shall  wilfully  damage,  interfere  with,  or  without  proper 
authority  remove  or  render  useless  any  electric  line,  or  any  machine,  apparatus,  or 
part  thereof,  used  in  connection  with  the  supply  or  use  of  electricity. 

13.  Fire  buckets  filled  with  clean  dry  sand  shall  be  kept  in  electrical  machine 
rooms  ready  for  immediate  use  in  extinguishing  fires. 

14.  Instructions  shall  be  posted  up  at  the  pit  top  or  mine  entrance  and  in  every 
generating,  transforming,  and  motor  house,  containing  directions  as  to  the  restoration 
of  persons  suffering  from  electric  shock.  All  employees  working  in  connection  with 
the  electrical  apparatus  shall  be  required  to  acquaint  themselves  with  the  instructions 
in  question. 

15.  In  every  mine  where  electricity  is  used  below  ground  for  power  or  lighting 
purposes  direct  telephonic  or  other  equivalent  means  of  communication  shall  be 
provided  between  the  surface  and  the  shaft  bottom  or  main  distributing  center 
underground. 

'  16.  Within  three  months  after  the  coming  into  force  of  these  rules,  notice  in 
writing  of  any  existing  electric  installation  must  be  sent  to  the  district  inspector  of 
collieries. 

17.  A  plan  of  a  scale  not  smaller  than  four  chains  to  one  inch  shall  be  kept  at 
the  mine,  showing  the  position  of  all  permanent  electrical  machinery  and  fixed  cables 
in  the  mine,  and  shall  be  corrected  as  often  as  may  be  necessary  to  keep  it  as  nearly 
as  practicable  up  to  date  and  never  more  than  three  months  in  arrear,  and  the  inspector 
shall  be  entitled  to  examine  the  plan  and  for  official  purposes  only  to  make  a  copy  of 
every  part  thereof. 
Record  oi  elec-  18.  Every  personal  accident  occurring  in  connection  with  the  operation  of  the 
"  electrical  equipment  (including  electric  shocks  and  bums)  shall  be  promptly  reported 

by  the  person  injured  or  by  some  other  person  on  his  behalf  at  the  office  of  the  mine 
and  shall  be  there  recorded. 
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19.  In  the  event  of  any  instance  occurring  of  breakdown  of,  or  damage  or  injury  j^JJJI'i?'***'^' 
to,  any  portion  of  the  electrical  equipment  in  the  mine,  or  of  overheating,  or  of  the 
appearance  of  sparks  or  arcs  outside  the  inclosing  casings,  or  in  the  event  of  any  por- 
tion of  the  equipment  (not  being  a  proper  part  of  the  electrical  circuit)  becoming 

alive,  every  such  occurrence  shall  be  promptly  reported  in  a  book  kept  at  the  mine 
for  the  purpose  and  signed  by  the  person  making  such  report. 

GsNBRATiNG  Stations  and  Machinb  Rcx>ms 

20.  Where  the  generating  station  under  the  control  of  the  owner  or  manager 
of  the  mine  is  not  within  400  yards  of  the  shaft  mouth  or  mine  entrance,  a  switch 
box  or  boxes,  efficiently  inclosed  and  locked,  or  a  locked  switch  house,  shall  be  pro- 
vided near  the  mine  entrance  for  cutting  off  the  supply  of  electricity  to  the  mine. 

21.  There  shall  be  a  passage  way  in  front  of  the  switchboard  of  not  less  than  3 
feet  in  width,  and  if  there  are  any  connections  at  the  back  of  the  switchboard  the 
passage  way,  if  any,  behind  the  switchboard  shall  not  be  of  less  width  than  3  feet 
clear.  This  space  shall  not  be  utilized  as  a  storeroom  or  a  lumber  room  or  obstructed 
in  any  manner  by  resistance  frames  or  meters  or  otherwise.  If  space  is  required  for 
resistance  frames  or  other  electrical  apparatus  behind  the  board,  the  passageway  must 
be  widened  accordingly. 

No  cable  shall  cross  the  passageway  at  the  back  of  the  board  except  below  the 
floor  or  at  a  height  of  not  less  than  7  feet  above  the  floor. 

The  space  at  the  back  of  the  switchboards  shall  be  properly  floored,  accessible 
from  each  end,  and,  except  in  the  case  of  low-pressure  switchboards,  shall  be  kept 
locked  up;  but  the  lock  must  allow  of  the  door  being  opened  from  the  inside  without 
the  use  of  a  key.     The  floor  at  the  back  shall  be  firm  and  even. 

22.  Every  generator  shall  be  provided  with  a  switch  on  each  pole  between  the 
generator  and  the  bus-bars. 

Suitable  instruments  shall  be  provided  for  measuring  the  current  and  pressure 
of  each  generator. 

Every  feeder  connected  to  the  bus  bars  in  the  generating  station  shall  be  furnished 
with  an  ammeter  on  the  main  switchboard. 

23.  Circuit  breakers  must  be  arranged  so  that  when  the  contact  lever  opens  out- 
wards no  danger  exists  of  its  striking  the  attendant.  If  uninclosed  fuses  are  used, 
they  must  be  placed  within  2  feet  of  the  floor  or  must  be  suitably  guarded. 

Where  the  supply  is  at  a  pressure  exceeding  the  limits  of  medium  pressure, 
there  shall  be  no  live  metal  work  on  the  front  of  the  main  switchboard  within  8  feet 
of  the  floor  or  platform,  and  the  space  provided  under  rule  2 1  shall  be  not  less  than 
4  feet  in  the  clear.  Insulating  floors  or  mats  shall  be  provided  for  switchboards 
where  medium  or  higher  pressure  is  used. 

24.  All  terminals  and  live  metal  on  machines  over  medium  pressure  above  ground 
and  over  low  pressure  under  ground  shall,  where  practicable,  be  protected  with 
insulating  covers  or  with  metal  covers  connected  to  earth. 

25.  If  the  transmission  lines  from  the  generating  station  to  the  shaft  or  mine 
entrance  are  overhead,  there  shall  be  lightning  arresters  in  connection  therewith. 

Cables 

26.  All  conductors  inside  the  mine,  except  as  hereinafter  provided,  shall  be 
continuously  covered  with  insulating  material,  and  guarantees  shall  be  obtained  from 
the  makers  that  the  cables  have  been  subjected  to  the  following  tests: 

(a)  A  continuously  insulated  cable  must  be  so  constructed  that  when  a  test  piece 
of  it  has  been  immersed  in  water  for  twenty-four  hours  it  will  while  still  immersed,  in 
the  case  of  cables  intended  for  low  or  medium  pressures,  withstand  2,000  volts  for 
ten  minutes  between  the  conductor  and  the  water  and  between  cores  if  there  are 
more  than  one  in  the  cable. 
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(b)  If  the  cable  is  intended  for  high  or  extra  high  pressure,  twice  the  working 
pressure  shall  be  taken  for  this  test. 

(c)  Prior  to  the  immersion  the  test  piece  must  have  been  bent  six  times  (three 
times  in  one  direction  and  three  times  in  the  opposite  direction)  round  a  cylindrical 
surface  not  more  than  twelve  times  the  diameter  (or  the  shorter  axis,  in  case  the  section 
is  not  circular)  of  the  finished  cable. 

27.  The  size  of  the  conductor  (except  in  the  case  of  overhead  wires  upon  th# 
surface  and  leads  inside  motors)  will  be  determined  in  accordance  with  the  table 
showing  maximum  current  for  copper  conductors  appended  to  these  rules,  column  3 
of  which  refers  to  cables  having  insulation  of  Class  A,  and  column  4  to  cables  having 
insulation  of  Class  B,  according  to  the  following  definitions: 

(A)  A  dielectric  which  is  impervious  to  moisture  and  only  needs  mechanical 
protection  ("dielectric"  does  not  include  the  braiding  or  taping). 

(B)  A  dielectric  which  to  be  effective  must  be  kept  perfectly  dry,  and  therefore 
needs  to  be  encased  in  a  waterproof  sheath,  generally  of  soft  metal,  such  as  lead, 
drawn  closely  over  the  dielectric. 

Below  ground,  however,  column  4  may  be  applied  to  cables  having  insulation  of 
Class  A  in  cases  where  the  atmospheric  temperature  never  exceeds  100**  F. 

For  the  purpose  of  applying  the  table  the  current  in  the  conductor  must  be  taken 
as  equal  to  that  required  for  the  maximum  number  of  motors  or  other  current-using 
apparatus  that  are  at  any  time  used  simultaneously  on  the  circuit.  Provided  that 
in  the  case  of  coal-cutters  not  in  a  long-wall  working  20  per  cent  shall  be  deducted 
from  the  normal  working  current.     This  rule  does  not  apply  to  trailing  cables. 

28.  All  conductors  (except  as  hereinafter  provided)  shall  in  every  case  be  main- 
tained completely  insulated  from  earth;  but  it  is  permissible  to  use  the  concentric 
system  with  earthed  outer  conductor,  if  proper  arrangements  are  made  to  reduce  the 
danger  from  fire  or  shock  to  the  minimum,  and  the  neutral  point  of  polyphase  S)rstems 
and  the  middle  wire  of  three-wire  continuous-current  systems  may  be  earthed  at  one 
point. 

29.  Unless  fixed  out  of  reach  of  injury,  all  conductors,  other  than  armored 
cables,  must,  in  addition  to  the  insulation,  be  protected  by  a  suitable  covering.  Where 
lead-covered  cable  is  used,  the  lead  shall  be  earthed,  and  shall  be  electrically  contin- 
uous throughout. 

The  exposed  ends  of  cables,  where  they  enter  the  terminals  of  switches,  fuses,  and 
other  appliances,  shall  be  properly  protected  and  finished  off,  so  that  moisture  can- 
not creep  along  the  insulating  material  within  the  waterproof  sheath,  or  the  insulat- 
ing material,  if  of  an  oily  nature,  leak  out  of  the  cable. 

30.  All  joints  must  be  mechanically  and  electrically  efficient,  and,  where  reason- 
ably practicable,  must  be  suitably  soldered.  In  any  gassy  place  suitable  joint  boxes 
must  be  used,  and  the  conductors  shall  be  connected  by  means  of  metal  screw  clamps, 
or  connectors;  or  some  other  equally  safe  construction  must  be  adopted.  Provided, 
however,  that,  in  any  gassy  place  where  a  shot  may  be  fired,  joints  may  be  soldered 
by  or  in  the  presence  of  the  person  authorized  in  that  behalf  by  the  manager;  but  the 
same  precautions  in  regard  to  examination  and  removal  of  workmen  as  are  prescribed 
by  paragraphs  (/)  and  (*)  of  general  rule  1 2  shall  be  observed  in  all  such  cases,  and, 
where  the  place  is  dry  and  dusty,  the  precautions  as  to  watering  prescribed  by  para- 
graph (h)  shall  also  be  observed.  Wires,  other  than  blasting  wires  of  cables,  must 
not  be  joined  by  merely  twisting  them  together. 

This  riile  does  not  apply  to  trailing  cables. 

31.  Overhead  bare  wires  on  the  surface  shall  be  properly  secured  to  insulators, 
and  clear  of  any  traffic,  and  provided  with  efficient  lightning  arresters. 

32.  All  cables  used  in  shafts  must  be  highly  insulated  and  substantially  fixed. 
Shaft  cables  not  capable  of  sustaining  their  own  weight  shall  be  properly  supported  at 
intervals,  varying  according  to  the  weight  of  the  cable.     Where  the  cables  are  not 
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completely  boxed  in  and  protected  from  falling  material,  space  shall  be  left  between 
them  and  the  side  of  the  shaft,  that  they  may  yield  and  thus  lessen  a  blow  given  by 
falling  material. 

33.  Where  the  cables  in  main  haulage  roads  can  not  be  kept  at  least  i  foot  from 
any  part  of  the  tub  or  tram,  they  shall  be  specially  protected.  When  separate  cables 
are  used,  they  shall  be  fixed  on  opposite  sides  of  the  road,  imless  it  is  safer  to  have 
them  on  the  same  side,  in  which  case  they  shall  be  kept  as  far  apart  as  possible. 

Cables  and  wires,  unless  provided  with  metallic  coverings,  shall  not  be  fixed  to 
walls  or  timbers  by  means  of  metallic  fastenings. 

Cables  underground,  when  suspended,  shall  be  supported  by  leather  or  other 
flexible  material  in  such  a  manner  as  to  allow  of  their  readily  breaking  away  when 
struck,  before  the  cables  themselves  can  be  seriously  damaged. 

Where  main  or  other  roads  are  being  repaired,  or  blasting  is  being  carried  out, 
suitable  temporary  protection  must  be  used,  so  that  the  cables  are  reasonably  pro- 
tected from  damage. 

34.  Trailing  cables  for  portable  machines  shall  be  specially  flexible,  heavily  insu- 
lated, and  protected  with  extra  stout  braiding,  hose  pipes,  or  other  equally  effective 
covering.  Bare  metal  armoring  shall  not  be  used  upon  any  trailing  cable  carrying 
current  at  a  pressure  exceeding  the  limits  of  low  pressure. 

35.  In  any  gassy  place  the  joints,  if  any,  made  in  trailing  cables  shall  be  soldered. 
Screw  clamps  of  any  kind  must  not  be  used  for  this  ptu^se  in  any  place  in  any  mine. 

36.  The  two  cables  of  the  twin  trailing  cable  shall  be  divided  at  the  motor  end 
only  for  such  a  length  as  is  necessary  for  the  making  of  connection  to  the  motor;  and 
the  twin  cable  with  its  outer  covering  complete  shall  be  securely  held  by  a  suitable 
clamp  on  the  motor  frame  in  such  manner  as  to  protect  the  trailing  cable  from  injury, 
and  to  prevent  any  mechanical  strain  being  borne  by  the  single  ends  making  electrical 
connection  with  the  motor. 

37.  At  points  where  the  flexible  conductors  are  joined  to  the  main  cables,  a  fixed 
terminal  box  shall  be  provided;  and  a  switch  and  fuses  shall  be  fitted  in  the  terminal 
box  capable  of  entirely  cutting  off  the  supply  from  the  trailing  cable,  unless  the  ma- 
chine is  operated  on  a  circuit  of  its  own,  either  from  the  power  house  or  some  sub- 
station, at  which  point  it  shall  be  permissible  to  place  the  fuse  or  circuit  breaker. 

38.  A  spare  trailing  cable  shall  be  kept  in  each  district  of  the  mine  where  electric 
coal-cutting  machines  are  in  use;  and,  in  the  event  of  the  trailing  cable  in  service 
breaking  down,  or  being  damaged  in  any  way,  or  of  its  inflicting  a  shock  upon  any 
person,  it  shall  be  at  once  put  out  of  service,  and  the  spa;:e  cable  shall  be  substituted 
therefor.  The  faulty  cable  shall  not  again  be  used  until  after  it  has  been  repaired 
and  tested,  at  the  surface  of  the  mine,  and  passed  by  some  competent  person. 

39.  Each  trailing  cable  in  use  shall  be  examined  daily  by  a  competent  person 
for  abrasions  and  other  defects;  and  the  result  of  such  examination  shall  be  recorded 
daily  in  a  book,  kept  at  the  mine  for  the  purpose,  and  shall  be  signed  by  the  person 
making  such  report. 

The  machine  men  shall  also  be  required  to  carefully  observe  the  trailing  cable, 
while  in  use,  so  as  to  detect  defects;  and,  in  the  event  of  any  defect  becoming  appar- 
ent, notice  of  the  same  shall  at  once  be  sent  to  an  official  of  the  mine. 

40.  All  horse  traffic  shall  be  suspended  on  the  part  of  every  road  along  which  a 
trailing  cable  is  extended  for  the  purpose  of  flitting  a  machine. 

Trailing  cables  shall  at  all  times  be  kept  clear  of  the  rails  and  traffic,  except  when 
flitting. 

41.  Each  trailing  cable  shall  have  a  distinguishing  number,  which  shall  be 
clearly  indicated  on  a  suitable  label  securely  attached  to  the  cable. 

The  insulation  resistance  of  each  conductor  of  every  trailing  cable  shall  be  lauoo^titof SK 
measured  and  recorded  at  least  once  per  month;  the  resistance  being  taken  between  tat  ca'blei 
the  conductor  and  the  surrounding  water  after  the  whole  cable,  with  the  exception 
of  the  ends,  has  been  immersed  for  at  least  six  hoiu^. 
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For  this  test  the  manager  must  supply  an  instrument  suitable  for  measuring 
resistances  up  to  at  least  5  megohms. 

The  trailing  cable  must  not  be  put  into  service  unless  the  insulation  resistance  of 
each  conductor  measures  at  least  one  megohm  after  immersion. 

Fuses,  Circuit  Brbakbrs,  and  Switches 

42.  Fuses  and  automatic  circuit  breakers  shall  be  so  constructed  as  efifectually 
to  interrupt  the  current  when  a  short  circuit  occurs,  or  when  the  current  through 
them  exceeds  by  200  per  cent  the  working  current  in  the  case  of  motors,  or  by  100 
per  cent  the  permissible  current  of  the  cables  which  the  fuses  protect.  Fuses  shall 
be  stamped  or  marked,  or  shall  have  a  label  attached,  indicating  the  current  at 
which  they  are  intended  to  fuse;  or,  where  fuse  wire  is  used,  each  coil  in  use  shall  be 
so  stamped  or  labeled.  Fuse^  shall  only  be  adjusted  or  replaced  by  a  competent 
person  authorized  by  the  manager. 

43.  All  switches,  circuit  breakers,  and  fuses  must  have  incombustible  bases  of 
marble,  slate,  or  porcelain,  or  other  suitable  incombustible  insulating  material.  All 
live  parts  of  switches,  circuit  breakers,  and  fuses,  not  in  machine  rooms,  or  in  com- 
partments specially  arranged  for  the  purpose,  must  be  covered.  These  covers  must 
be  of  incombustible  material,  and  must  be  either  nonconducting  or  of  rigid  metal 
clear  of  all  internal  mechanism. 

44.  All  points  at  which  a  circuit  (other  than  those  for  signals)  has  to  be  made  or 
broken  shall  be  fitted  with  proper  switches.  The  use  of  hooks  or  other  makeshifts 
is  prohibited;  provided  that,  excepting  gassy  places,  hooks  may  be  used  if  the  junc- 
tions are  completely  protected  by  rubber  sleeves;  and,  in  any  gassy  place,  switches, 
circuit  breakers,  and  fuses  (except  as  provided  in  rule  50,  hereafter)  shall  not  be  of 
the  open  type,  but  must  either  be  inclosed  in  gas-tight  boxes  or  break  under  oil. 

Record  of  con-         45.  Fuses  shall  not  be  replaced  by  anyone  except  the  electrician,  or  some  other 
SrMker'or  \eo-  <^n^petent  person  appointed  by  the  manager.     A  record  of  each  instance  of  a  genera- 
orator  fuse  opon-  tor  circuit  breaker  or  generator  fuse  opening  shall  be  made  in  a  book  kept  in  each  gen- 
erating station  or  room,  and  signed  by  the  person  making  the  record. 

Motors 

46.  Every  motor,  together  with  its  starting  resistance,  shall  be  protected  by  a 
fuse  in  accordance  with  rule  44,  and  by  switches  capable  of  entirely  cutting  off  the 
pressure.  The  switches  shall  be  fixed  in  a  convenient  p>osition  near  the  motor;  and 
every  motor  of  lo-brake  hbrsepower  or  over  in  a  machine  room  underground  shall 
be  provided  with  a  suitable  ammeter  to  indicate  the  load  on  the  machine. 

47.  Where  unarmored  cables  or  wires  pass  through  metal  frames  or  into  boxes 
or  motor  casings,  the  holes  shall  be  substantially  bushed  with  insulating  collars, 
and,  where  necessary,  with  gas-tight  bushings  which  can  not  readily  become  displaced. 

48.  Terminal  boxes  of  portable  motors  shall  be  securely  attached  to  the  machine, 
or  must  form  a  part  thereof. 

49.  Where  the  insulation  of  a  motor  is  found  to  become  damp  during  a  stoppage, 
suitable  steps  shall  be  taken  to  ensure  that  the  insulation  shall  be  dry  before  the 
working  of  the  motor  is  resumed,  in  order  that  its  base  may  not  become  alive. 

50.  In  any  gassy  place,  all  motors,  unless  placed  in  such  rooms  as  are  separately 
ventilated  with  intake  air,  or  placed  on  the  main  intake  air  courses,  shall  have  all 
their  current -carrying  parts,  also  their  switches,  starters,  terminals,  and  connections, 
completely  inclosed  in  fiame-tight  inclosures,  made  of  incombustible  material,  and 
of  sufficient  strength  to  escape  damage  in  the  event  of  an  explosion  of  fire  damp 
occurring  in  the  interior;  and  such  inclosures  shall  not  be  opened  except  by  an 
authorized  p>erson,  and  then  only  when  the  current  is  switched  off,  except  for  the 
purpHDse  of  adjusting  brushes,  which  may  b.e  done  subject  to  the  same  conditions  and 
precautions  as  are  laid  down  under  rule  30,  in  the  case  of  soldering.  The  pressure 
shall  not  be  switched  on  while  the  inclosures  are  open. 
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51.  In  any  gassy  place,  a  safety  lamp,  or  other  suitable  apparatus  for  the  detec- 
tion of  fire  damp,  shall  be  provided  for  the  use  of  the  attendant  with  each  stationary 
machine,  when  working;  and,  should  any  indication  of  fire  damp  appear  on  the  flame 
of  the  safety  lamp,  or  other  apparatus  used  for  the  detection  of  fire  damp,  the  person 
in  charge  shall  immediately  stop  the  machine,  cut  ofF  the  current  at  the  nearest 
switch,  and  report  the  matter  to  an  official  of  the  mine. 

52.  In  any  gassy  place,  and  where  coal-cutting  machines  are  flitted  by  electric  ^^fli'***"' 
power,  or  the  machine  men  are  paid  at  tonnage  rates,  a  competent  person  shall  make, 

at  least  once  in  the  course  of  each  shift,  an  examination  for  gas  in  each  place  in  which 
an  electric  coal-cutter  is,  or  is  to  be,  employed  during  that  shift.  A  report  of  every 
such  examination  shall  be  made  in  a  book  kept  at  the  mine  for  the  purpose,  and  shall 
be  signed  by  the  person  making  such  examination. 

53.  The  machine  man  in  charge  for  the  time  being  of  a  coal-cutting  machine  must 
be  a  competent  person,  capable  of  examining  the  roof  and  sides  and  detecting  the 
presence  of  inflammable  gas. 

54.  In  any  gassy  place,  before  a  coal-cutting  machine  is  brought  within  20  yards 
of  the  working  face,  the  machine  man  who  is  about  to  operate  the  starting  switch 
of  the  machine  shall  make  an  inspection  for  gas  in  the  place  where  the  machine  is  to 
work,  unless  such  an  examination  is  then  made  by  some  other  competent  person 
authorized  or  appointed  for  that  purpose  by  the  manager.  If  any  inflammable  gas 
is  found  in  the  place,  the  machine  shall  not  enter  therein. 

No  coal-cutting  machine  shall  be  continued  in  operation  for  a  longer  period  than 
half  an  hour  without  such  an  examination  as  above  described  being  made  for  gas; 
and  if  gas  is  found  when  the  machine  is  present  the  current  shall  at  once  be  switched 
off  the  machine,  and  the  trailing  cable  shall  forthwith  be  disconnected  at  the  junction 
box. 

The  person  finding  the  gas  shall  at  once  erect  a  danger  fence  to  warn  persons 
against  entering  the  place. 

The  trailing  cable  shall  not  be  reconnected  until  the  deputy  has  examined  such 
place  and  has  pronounced  it  free  from  gas  and  has  removed  the  danger  board. 

The  person  finding  gas  shall  forthwith  report  the  same  to  the  deputy  of  the  dis- 
trict, who  at  the  end  of  the  shift  shall  make  and  sign  a  written  report  in  a  book  kept 
at  the  mine  for  the  purpose. 

55.  In  order  that  the  roof  may  be  carefully  examined,  a  coal-cutter  motor 
shall  not  be  kept  continuously  at  work  for  a  length  of  time  exceeding  a  maximum 
period  which  shall  be  specified  in  writing  by  the  manager. 

56.  The  person  in  charge  of  a  coal-cutter  or  drilling  machine  shall  not  leave 
the  machine  while  it  is  working,  and  shall,  before  leaving  the  working  place,  see 
that  the  pressure  is  cut  off  from  the  trailing  cables.  Special  care  must  be  taken  to 
prevent  injury  to  the  trailing  cables  during  flitting  and  during  the  process  of  loading 
the  machine  on  to  or  unloading  it  from  the  power  truck.  No  repairs  shall  be  made 
to  any  portable  machine  until  the  pressure  has  been  cut  off  from  the  trailing  cables. 

57.  If  any  electric  sparking  or  arc  be  produced  outside  a  coal-cutting  or  other 
portable  motor  or  about  the  cables  or  rails,  the  machine  shall  be  stopped,  and  shall 
not  be  worked  again  until  the  defect  is  repaired;  and  the  occurrence  shall  be  at 
once  reported  to  an  official  of  the  mine. 

58.  The  casing  or  inspection  doors  of  all  portable  motors  used  underground,  Weekly  'Jipoit 
and  the  casings  of  their  switches  and  other  appliances,  shall  at  least  once  a  week  be  au  portable  mo- 
opened  by  a  competent  person  appointed  by  the  manager;  and  the  parts  so  dis-  '•"  ttudeifwund 
closed  shall  be  cleaned  and  examined  before  the  coverings  are  replaced.     In  special 

cases  requiring  a  motor  to  run  continuously  longer  than  one  week,  the  motor  shall 
be  examined  at  the  end  of  the  run.  A  report  of  all  such  examinations  shall  be 
entered  in  a  report  book,  and  signed  by  the  person  who  made  the  examination. 
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Electric  Locomotives 

59.  Electric  haulage  by  locomotives  on  the  trolley-wire  system  shall  not  be 
allowed  in  any  gassy  place. 

60.  In  underground  roads  the  trolley  wires,  unless  sufficiently  guarded,  must 
be  placed  so  that  they  are  throughout  at  least  7  feet  above  the  level  of  the  road  or 
track,  or  the  pressure  must  be  cut  off  from  the  wires  at  all  times  when  such  roads 
are  used  for  traveling  on  foot.  The  hours  during  which  traveling  on  foot  therein 
is  permitted  shall  be  clearly  indicated  by  notices  and  signals  placed  in  conspicuous 
positions  at  the  ends  of,  and  at  all  entrances  into,  the  roads.  At  other  times  no 
one  except  a  person  duly  authorized  by  the  manager  shall  be  permitted  to  travel  on 
foot  along  such  roads. 

61.  Under  the  conditions  indicated  in  the  foregoing  rule,  trolley  wires  may  be 
used  with  current  at  a  pressure  not  exceeding  low  pressure;  but  a  pressure  not 
exceeding  medium  pressure  may  be  used  on  roads  on  which  traveling  on  foot  is  not 
at  any  time  permitted,  except  in  the  case  of  drivers  of  locomotives  or  of  persons 
duly  authorized  by  the  management  to  travel  only  for  ptuposes  of  inspection  and  to 
effect  repairs. 

62.  In  connection  with  the  use  of  electric  locomotives,  either  insulated  returns 
or  uninsulated  metallic  returns  of  low  resistance  may  be  employed. 

63.  In  order  to  prevent  the  earthing  of  any  other  electric  circuit  in  the  mine,  by 
connection  with  the  trolley  system,  the  current  supplied  for  use  on  the  latter,  when 
the  return  is  uninsulated,  shall  (except  when  low  pressure  is  employed  or  the  con- 
centric system  with  earthed  outer  conductor  is  used)  be  generated  by  a  separate 
machine,  and  shall  not  be  taken  from,  or  be  in  connection  with,  any  electric  line 
otherwise  completely  insulated  from  earth. 

64.  If  storage-battery  locomotives  are  employed  in  any  gassy  place,  the  rules 
applying  to  motors  in  such  places  shall  also  be  deemed  to  apply  to  the  boxes  con- 
taining the  cells. 

Electric  Lighting 

65.  Arc  lamps  shall  be  so  guarded  as  to  prevent  pieces  of  heated  carbon  falling 
from  them,  and  shall  not  be  used  in  situations  where  there  is  likely  to  be  danger  from 
the  presence  of  coal  dust.  They  shall  be  so  screened  as  to  prevent  risk  of  contact 
with  persons. 

66.  Small  wires  for  lighting  circuits  shall  either  be  conveyed  in  pipes  or  casings; 
or  they  may  be  suspended  from  porcelain  insulators,  or  tied  to  them  with  some 
nonconducting  material  which  will  not  cut  the  covering,  and  so  that  they  do  not 
touch  any  timbering  or  metal  work.  On  no  account  shall  staples  be  used.  If 
metallic  pipes  are  used,  they  must  be  electrically  continuous  and  earthed.  If  sepa- 
rate uncased  wires  are  used,  they  shall  be  kept  at  least  2  inches  apart,  and  not 
brought  together  except  at  lamps  or  switches  or  fittings. 

67.  In  any  gassy  place,  electric  lamps,  if  installed,  must  be  of  the  vacuum  or 
inclosed  type,  and,  except  on  the  main  intake  air  ways  and  mechanical  haulage 
roads,  being  also  on  the  out-bye  side  of  relighting  stations,  they  shall  be  protected 
by  gas-tight  fittings  of  strong  glass,  and  shall  have  no  flexible  cord  connections. 
Electric  lamps  shall  be  replaced  by  a  duly  authorized  competent  person  only;  and, 
while  the  lamps  are  being  replaced,  the  current  shall  be  switched  off. 

68.  In  all  machine  rooms  and  other  places  underground,  where  a  failure  of 
electric  light  is  likely  to  cause  danger,  some  safety  lamps  or  other  proper  lights 
shall  be  kept  for  use  in  the  event  of  such  failure. 
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Shot  Firing 

69.  Electricity  from  lighting  or  power  cables  shall  not  be  used  for  firing  shots. 

70.  When  shot-firing  cables  or  wires  are  used  in  the  vicinity  of  power  or  lighting 
cables,  sufficient  precautions  shall  be  taken  to  prevent  the  shot-firing  cables  or  wires 
from  coming  in  contact  with  the  lighting  or  power  cables. 

71.  Only  competent  persons  who  have  been  properly  instructed  in  the  work, 
and  duly  authorized  by  the  manager  in  writing,  shall  be  allowed  to  fire  shots  elec- 
trically in  any  part  of  a  mine. 

73.  The  exploder,  fuses,  and  wires  shall  be  suitable  for  the  conditions  under 
which  the  blasting  is  carried  out. 

73.  High-tension  magneto-generators  shall  be  inclosed  in  flame-tight  cases 
when  employed  in  any  gassy  place. 

74.  The  exploder  shall  be  in  the  charge  of  the  shot  firer,  and  shall  be  fitted  with 
a  handle  or  key;  which  shall  be  detached  when  not  required  for  firing,  and  shall  not 
under  any  conditions  pass  from  the  personal  custody  of  the  shot  firer  whilst  on 
duty.     A  primary  or  secondary  battery  shall  not  be  used  for  shot  firing. 

75.  The  exploder  shall  not  be  connected  to  the  shot-firing  cable  until  all  other 
steps  preparatory  to  the  firing  of  the  shot  have  been  completed  and  all  persons 
have  removed  to  a  position  of  safety. 

Immediately  after  the  firing  of  the  shot  the  firing  cable  shall  be  disconnected 
from  the  exploder;  and  no  person  shall  approach  a  shot  which  has  been  attempted 
to  be  fired  by  electricity,  and  has  failed  to  explode,  until  the  firing  cable  has  been 
so  disconnected  and  an  interval  of  five  minutes  has  elapsed  since  the  last  attempt 
to  fire  the  shot. 

The  foregoing  rules  shall  not  apply  to  apparatus  used  for  telephone,  telegraph, 
and  signal  purposes,  which  are  provided  for  by  the  three  following  rules: 

Signaling,  Etc. 

76.  All  proper  precautions  must  be  taken  to  prevent  electric  signal  and  tele- 
phone wires  from  coming  into  contact  with  other  electric  conductors,  whether  insu- 
lated or  not. 

77.  Bells,  wires,  insulators,  contact  makers,  and  other  apparatus  used  in  con- 
nection with  electric  signals  underground  shall  be  of  a  substantial  and  reliable 
description,  and  shall  be  erected  in  such  a  manner  as  to  reduce  the  liability  to  failures 
or  false  signals  to  the  minimum. 

78.  In  any  gassy  place  the  pressure  employed  for  signaling  ptu-poses  shall  not 
in  any  one  circuit  exceed  15  volts  in  an  intake  air  way  or  10  volts  elsewhere,  and 
bare  wire  shall  not  be  used  for  such  purposes  except  in  haulage  roads. 

Electric  Rblighting  of  Safety  Lamps 

79.  If  in  any  gassy  place  safety  lamps  are  relighted  underground  by  electricity, 
the  manager  shall  select  a  suitable  station  or  stations,  not  being  in  the  return  air  way, 
and  where  there  is  not  likely  to  be  any  accumulation  of  inflammable  gas;  and  no 
electric  relighting  apparatus  shall  be  used  in  any  other  place.  All  electrical  relight- 
ing apparatus  shall  be  securely  locked,  and  shall  not  be  available  for  use  except  by 
persons  authorized  by  the  manager  to  relight  safety  lamps;  and  such  persons  shall 
examine  all  safety  lamps,  brought  for  relighting,  before  they  are  reissued. 
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Exemptions  and  Miscellaneous 

80.  Notwithstanding  anything  contained  in  these  rules,  any  electrical  plant  or 
apparatus  installed  or  in  use  or  contracted  to  be  bought  before  May  26,  1908,  before 
the  coming  into  force  of  these  rules,  may  be  continued  in  use  or  used  unless  an 
inspector  shall  otherwise  direct,  or  subject  to  any  conditions  affecting  safety  that 
he  may  prescribe;  but  an  inspector  shall  not  object  to  the  use  (if  sufficiently  earthed) 
of  any  bare-armored  cables  in  use  or  owned  or  contracted  to  be  bought  by  any 
mine  on  May  26,  1908,  on  the  ground  merely  of  their  being  bare-armored  cables. 

In  case  any  difference  of  opinion  shall  arise  between  an  inspector  and  owner, 
agent,  or  manager  of  the  mine  under  this  rule,  the  same  shall  be  settled  as  provided 
in  section  25  of  the  coal  mines  regulation  act,  1902. 

81.  Exemption  from  any  of  the  foregoing  requirements  may  be  granted  by  the 
minister,  on  the  ground  either  of  emergency  or  special  circumstances,  on  such  condi- 
tions and  to  such  extent  as  the  minister  shall  prescribe.  Such  exemption  must  be 
in  writing,  signed  by  the  minister  or  the  under  secretary  for  mines. 
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I  hereby  certify  that  the  above  copy  of  Electrical  Special  Rules  has 
been  shown  to  my  satisfaction  to  be  a  true  copy  of  the  Electrical  Special 
Rules  which  are  established   under  the  Coal   Mines   Regulation  Act,  1902, 

for Colliery. 

Inspector  of  Collieries. 
Date ,  190  * . 

ACT  NO.  33.  1908. 

An  act  to  amend  the  coal  mines  regulation  act,  1902;  and  for 
other  piuposes.     [Assented  to  24th  December,  1908.] 

Be  it  enacted  by  the  King's  Most  Excellent  Majesty,  by  and  with  the  advice  and 
consent  of  the  legislative  council  and  legislative  assembly  of  New  South  Wales  in 
Parliament  assembled,  and  by  the  authority  of  the  same,  as  follows: 

1.  This  act  may  be  cited  as  the  "coal  mines  regulation  (amending)  act,  1908,"    Short tttlt. 
and  shall  be  construed  with  the  coal  mines  regulation  act,  1902,  herein  referred  to 

as  the  principal  act. 

2.  The  governor  may  appoint  any  person  with  or  without  a  certificate  of  com- ^ .-^PSf*"*"***  •• 

.  1...1  •  ...  <«  6l6CtrlC*llll- 

petency  or  service  under  the  pnnapal  act  as  electncal  msp>ector,  and  such  person  ipector. 
shall,  in  relation  to  the  installation  and  use  of  electricity,  have  all  the  powers  vested 
in  an  inspector  by  section  nineteen  of  such  act.  Except  in  the  case  of  the  electrical 
engineer  of  the  department  of  public  works  or  of  the  holder  of  a  degree  in  electrical 
engineering  from  the  University  of  Sydney,  or  a  person  holding  a  qualification  from 
any  other  educational  body  recognized  by  the  department  of  mines,  every  person  to 
be  so  appointed  inspector  shall  be  the  holder  of  a  certificate  of  competency  as  a  mine 
electrician  under  the  provisions  of  this  act. 

3.  Any  person  who,  after  the  twenty-ninth  day  of  May,  one  thousand  nine  hun-  u^JSJJtted  'SSS 
dred  and  nine—  Mmbetat    cm- 

(a)  not  being  registered  under  this  act  as  the  holder  of  a  certificate  of  competency  electrtefam. 
as  a  mine  electrician,  or  possessing  one  of  the  other  qualifications  mentioned 
in  section  two,  acts  as  mine  electrician  in  or  about  a  mine  where  the  output 
of  the  generating  plant  exceeds  thirty  kilowatts;  or 

(6)  knowing  that  such  person  is  not  so  registered,  employs  him  as  a  mine  elec- 
trician in  or  about  such  a  mine,  shall  be  guilty  of  an  offense  against  the 
principal  act. 

For  the  purpose  of  ascertaining  the  persons  who  may  be  granted  certificates  of    Certillcitei    ol 

c  0  ]&  o  0 1 0  o  €  y 
competency  as  mine  electricians  examiners  shall  be  appointed  by  the  board  for  u  mfaie  eloctd* 

appointing  examiners  constituted  under  the  principal  act,  who  may  hold  examinations  *'*"" 
and  examine  applicants  for  such  certificates  in  such  subjects  as  may  be  prescribed  by 
any  rules  made  by  the  minister  in  that  behalf. 

For  all  other  purposes  relating  to  the  examination  of  applicants  and  the  granting, 
cancellation,  and  suspension  of  such  certificates,  and  the  registration  of  the  holders 
of  such  certificates,  the  provisions  of  the  principal  act  relating  to  managers'  certifi- 
cates of  competency  shall,  mutatis  mutandis,  apply  and  have  effect. 
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